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SUMMARY 
Formex ｡ｾｧ･｢ｲ｡＠ is a mathematical system that may be used in the 
representation and ｰｲｯ｣･ｳｳｩｾｧ＠ of any sort of ｣ｯｮｾｩｧｵｲ｡ｴｩｯｮＬ＠ where 
'configuration' is a term used to refer to a collection of any kind 
of entities. 
The algebraic system is modelled on requirements of data processing in 
engineering structural analysis. The primary aim is to provide a 
means for solution of problems related to the arrangement and 
disposition of constituent entities of structural systems, such as 
members, joints, loads and ｣ｯｮｳｴｲ｡ｩｾｴｳｯ＠ The basic approach is to 
represent the interconnection pattern of a ｳｾｲｵ｣ｴｵｲ｡ｬ＠ configuration 
by a formex and then use this for.mex as a basic skeleton to which 
other aspects of the system, such as material ｰｲｯｰ･ｲｴｩｾｳ＠ and geometric 
particulars, mag be relatedo 
The present work examines the concepts of formex algebra and makes a 
contribution in the practical aspect of formulating for.mices representing 
interconnection patterns of structural configurations. 
Also, because geometric particulars play an important part in specifying 
the physical properties of a structural system, the problem of relating 
geometric information to the for.mex representation of a configuration 
receives special attention in this thesiso 
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1 INTRODUCTION 
Formex algebra is a mathematical .syste.m that may be used as a tool for 
representing and processing configurations. The tenm 'configuration, 
is used in a general sense to refer to a collection of any kind of 
entities o 
The purpose of this thesis is to examine the concepts of formex algebra 
and explore different ways in which these concepts may be used in 
representing and processing structural configurations in an engineering 
and/or architectural context. 
The basic concepts of formex algebra were originally concei.ved by H. 
Nooshin during the years 1972 and 1973. These early concepts are 
recorded in a document which was presented to an invited audience in 
* CONSTRADO in March 1974, and a modif1ed version of this document was 
later published in the International Journal of Computers and 
Structures •3 ** 
* Constructional Steel Research and Development Organisation. 
** The superscripts in the text refer to the list of references at the 
end of this work. 
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The usage of formex algebra during the years following the initial 
publication resulted in a number of fundamental advances in the concepts 
and the new definition of formex algebra incorporating these advancements 
was presented by Ho Nooshin during a short course in September 1978. 4 
Subsequently, a modified version of this work, which is the current 
definition of formex algebra, was written by Ho Nooshin in April 1979 
and this document forms the contents of a Chapter of a book which is 
to be published shortly? 
A structural configuration may be vi.ewed as a collection of 
interrelated entitieso These entities may ｢ｾ＠ physical, such as 
discrete structural members, joints and -loads, or abstract, such as 
'finite elements' in a continuous structure, topological and geometric 
properties, coordinate systems and degrees of freedomo 
The interrelations between the components in a structural configuration 
constitute a fundamental aspect of the whole systemo Consequently, 
a fundamental or basic description of the configuration may be given 
in terms of the interrelations between the components, and this 
description may be taken as a frame to which other aspects of the 
system may be relatedo 
Geometric aspects play an important part in the specification of the 
physical properties of a structural configuration and ·may be related 
to a basic topological frame in order to complement the description 
with metric quantitieso 
9 
In various practical contexts, such as computerised structural analysis 
or certain form determination procedures, the interrelations within a 
structural configuration; namely its _topological properties, are given 
in terms of an interconnection pattern. The geometric properties of 
the system, in turn, are specified in the form of coordinates of points 
in· the configuration with respect to a coordinate system a Infonnati on 
other than geometry, such as material properties, constraints and loadS, 
are also given relative to the basic topological ｳｫ･ｬｾｴｯｮＮ＠
Data preparation of structural systems for computer processing nonnally 
involves a straighforward recording of known facts. However, for large, _ 
complex-and irregular systems, the volume of ｩｮｦｯｲｭｾｴｩｯｄ＠ tpat has to be 
handled turns data preparation_ into_ a_ time ｣ｯｮｳｵｭｩｾｧ＠ ｡ｮ､ ｟ ･ｮｾｬｾｹｩｮｧ＠ ｴｾｳｫ＠
which is expensive and prone to .errors • .. 
The concepts of formex algebra may be used -to deal conveniently and 
efficiently with both the representation . of structural configurations 
and the automated generation of related 9ata. 
In the present work, the attention is focused ｯｾ＠ the representation of 
purely topological and geometric ｰｲｯｰ･ｲｾｩ･ｳ＠ of ｣ｯｮｦｩｧｵｲ｡ｴｩｯｾｳ＠ with 
special ·reference:: to structural configurations. 
The material of this thesis is organised as follows: 
Chapter 2 introduces the rudiments of forrnex algebra. The definition 
of a formex and its constituents together with other fundamental ideas 
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are given as a theoretical basis for further development. 
Chapter 3 deals with the graphical representation of formices 
discussing the role of graphical representation in the abstract handling 
of problems. 
In Chapter 4, a number of standard ways of processing fonni ces are 
defined as formex functions. 
Chapter 5 combines the fundamental concepts, graphical representation 
and fonnex functions in representing and processing configurations. 
Chapter 6 elaborates on the ideas through which geometric shapes may 
be obtained or specified with respect to a ·fonnex representing an 
interconnection patterno It is fully demonstrated that configurations 
having different geometric particulars may share the same topological 
properties o 
Chapter 7 combines the concepts and techniques dealt with ｩｮｾｴｨ･＠
previous chapters in representing interconnection patterns and 
properties of structural configurationso A family of structural forms 
known as braced domes is used as · a medium to develop the ideas. 
The final Chapter presents the conclusions of this piece of work. 
11 
12 
2 FUNDAMENTALS OF FORMEX ALGEBRA 
2.1 INTRODUCTION 
Formex algebra is a mathematical system consisting of a set of abstract 
entities called \formices' together with a number of rules through 
which these entities are manipulatedo 
A •formex• is structured from simpler objects known as'cantles', which 
in turn consist of more primitive entities known as 'indices'o Indices 
are just simple integers which are grouped within a cantle in partial 
series referred to as • signets' o 
Formices may be used in the ｲ･ｰｲ･ｳｾｮｴ｡ｴｩｾｮ＠ and processing of 
configurations o 
2.2 CANTLES 
A 'cantle' is an abstract entity consisting of an ordered collection 
of objects known as 'indices', which are· grouped in partial series 
referred to as 'signets'o Indices in a signet are separated by commas 
and signets in a cantle are separated by semicolonso The whole 
sequence is enclosed in square bracketso 
The general form and notation of a cantle is 
or, in an array-1 ike form, it is 
0 
... " . ' 
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[ I 1 1 , I 12 , • • • • , I 1 j , · • • • I 1n ; 
I 2 1, I 2 2 , •••• , I 2j , •••• I 2n; 
. 
. . . . . . . . . . . . . . . . . . . . . . . . , 
ｉｩＱＬｉｩＲｴ••ﾷﾷｾｉｩｪＬﾷﾷﾷﾷｉｩｮ［＠ ｾ＠
. 
........................ ' 
I 
I 
I 
lm1 ,Im2, •••• ,Imj, •••• ImnJ . -f-4 
t :t: ---·.:+:- ---t .. · . 
n indices per signet 
I11 to Imn are indices. 
signets 
m is the number of signets in a cantle and is referred to ·as ·the 
'plexitude of the cantle', m>o. 
n is the common number of indices in the signets of a .cantle· and is 
referred to as the 'grade of the cantle •, ---.n>o. 
Iij is the typical index, where · 
+fti indicates the signet to which the index belongs, _and 
-ijj ｩｮ､ｩ｣ｾｴ･ｳ＠ the position of the--i-ndex within the sfgnet o 
I ij may be . _ .
ｾ･ｩｴｨ･ｲ＠ an integer, ·such as -1, 0, 1, -35, 67 or 575, 
Hor a ｭ｡ｴｾ･ｭ｡ｴｩ｣｡ｬ＠ expression of integer nature, such as r, 5r-s or 
s::z+s, where rands assume different integer valueso 
Examples of cantles are: grade . plexitude 
[0] 1 1 
[mJ for any integer va 1 ues of m 1 1 
[-1,2] 2 1 
[8,-10,6,k 2 ,2i] for any integer values .of i and k 5 1 
[0;0] 1 2 
[-1;1] 1 2 
[-3,4; 4,-3] 2 2 
[3,i, 1; 6j ,3,0] for any integer values of i and j 3 2 
[1; 2; 3] 1 3 
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[1,2; 3,4; 5,6] 
[1,2,3; 4,5,6; 7,8,9] 
E4,5,-10,j,7; 6,-40,37,6,8; 1,1,1,1,1; -i,k,7,8,10; 
grade plexi tude 
2 
3 
3 
3 
-150,3,0,0,0; -1,2,40,5,6] 5 6 
for any integer values of i, j and k 
It should be mentioned that not oniy a series of indices separated -by 
commas is referred to as a signet, but also a cantle of the first 
plexitude is referred to so (the first four cantles in the above 
examples are signets). In addition, in a context where it is necessary 
to distinguish between a signet that is an independent cantle from a 
signet that is a segment of a cantle, the terms 'soli tal' signet and 
'nonsolital• signet may be used, respectiveley. 
A cantle may be also written in general as: 
--- .. ... . f • 
where 
t1 to tm· . are signets 
m is the plexitude of the cantle. A 
cantle of the mth plexitude may be 
referred to as a m-plex cantle. 
Also, 
ti is a typical signet, where, in 
turn .nis the grade of the ｾｩｧｮ･ｴ＠
and of the cantle. 
In a context, the first subscript 
of the indices in a signet may be 
dropped if it does not give rise 
to ambi gui ty. 
. 
. . . . ' 
. - -----· ---- . -- - --
I 1 , I 2 , •••• , I J , ...... , In 
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Two cantles are 'equal' if and only if they are ｩ､･ｮｴｩ｣｡ｬｾ＠ Hence, 
compatibility of grade and plexitude is implied. The conventional 
symbol = is used thro.ughout to indicate the re 1 ati onship of equality 
for cantles. Thus, if b and b are cantles, 
b=l1 implies thO:t, in an ordered comparison, 
corresponding indices must be identical 
b=[lt1,112t••••,Iln; I21,122t••••,I2n; 
+--t-1- ｾ＠ ++ ｾ＠
- - - - - - -
- - - - - - -
* -J... ....J,... -1-- ｾ＠ + ._i... 
b' = [I' 11 '1112 ' •••• 'r ln; 1'2 1 '1'2 2' •••• 'I'2n; 
n n 
same grade 
..... ' 
. 
0 •••• ' 
s am e p 1 e x i t u d e 
ｉｭ Ｑ ＬｉｭＲＬｾ＠ ••• ,1mn] 
'1"'1"'" ｾ＠
- -
- - -
-J....J... -J.. 
Ik1, ｬｾＲＬＮ＠ · •. • • , ｬｾｊ＠
n 
m 
. . ' ｾ＠
-Since the relationship of 'equality' between cantles implies 
compatibility of grade and plexitude, the relationship of equality 
between cantles such as 
[3,4; -6,0] and [0,0,3,4; 0,0,-6,0] 
or 
[3,4; -6,0] and [0,0; 3,4; -6,0] 
is not defined. 
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The relationships of 'less than' and ' greater than' between two signets 
of the same grade are determined by means of an ordered comparison 
between corresponding indices (positions) of the signets involved. 
In order to explain how this is carried out, first recall that a signet 
is composed of integers.. ｔｨ･ｲ･ｦｯｲｾＬ＠ it_ may be considered as an extension 
of the concept of integer .. Similarly, the relationships of 'less than' 
and 'greater than' between signets may be considered as the extension3 
of these relationships between integers consisting of the same number · 
of digits .. 
Thus, consider two such integers where it is necessary to determine 
which integer is 'less than' or 'greater than' the othero First, 
proceed by comparing the digits in corresponding positions starting from 
the extreme left hand position. As long as the compared digits are 
equal, it is not possible to detenmine which integer is 'less than' or 
'greater than' the other.. It is sufficient, though, to reach the first 
position in which the compared digit of one integer is 'less than' or 
'greater than' the corresponding digit of the second integer, to state 
that one integer is 'less than' or 'greater than' the othero The 
relationship between the two integers is established at this stage, 
not being necessary to carry on with the comparison between the remaining 
digits o 
As an example, consider the integers 
73 568 and 73 529 
for which the relationship 'less than' or of 'greater than' will be 
established through the procedure decri bed above o This is expressed 
17 
------------------------------------------- - --- -
in the following diagram, where the conventional. syrrbols· <and >have 
been adopted to simbolize 'less than' and 'greater than', respectively:. 
1-+---- = 
2-t----- = 
rr;; 
i 3 5 w 8 > 7 3 5 '9 . 
relationship between ihe two i!:"gers is established at 'thi/s tage', The 
and it can be stated that 73 568 is greater than 73529 0 
If a comma is placed between each two -digits of ･ｶ･ｾｹ ﾷ＠ integer ·and each 
set is enclosed within square ｢ｲ｡｣ｫ･ｴｳｾ＠ the result is 
｛ＷＬＳＬＵｾＶＬＸ｝＠ and [7,3,5,2,9], 
which may be regarded as two signets of the fifth (same) ｧｲ｡､･ｾ＠ The 
procedure for establishing the rellati onship of 'less than' or of 
. -
'greater than' between them is exactly the same as described for the 
integers, with the only difference that in the case of the ｾｩｧｮ･Ｎｴｳ ﾷ ﾷ ﾷ ｡ｮ＠
index may be also negative and with more than one digit. Thus, it is 
ｰ･ｲｭｩｳｳｩｾｬ･＠ to compare 
[-75,0,6,-14,7] and [-75,0,6,10,7] 
and establish that the first signet is ·less than ' the second oneo 
The procedure is summarized in diagramatic form as: 
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.___ _____________________________ __:_ _________ -··- ·- . ··· ·· · 
If t and t• are signets, 
t<t' implies an ordered comparison between them. It starts 
here, 
l follows here (if any signets and • ･ｾｩｳｴＩＬｴ＠ here 
t "'[!" I"' ... •. ' ij ' l Ijl++ Ij+•' • .... ' In J 
= =:= . = < 
ｾｾ＠ ｾＧ＠
t'=[I'., 1'2 , ••••• , Ij, Jij++ Ij+o• ..... , ｉｾｊ＠
ｾ＠
the relationship is established: t<t'. 
1"'-t----i s_n_o_t ｟ｮ｟･｟｣･｟ｳ｟ｳ｟｡ＭＧＭｾｙ＠
· to compare remaining 
indices (if any). 
In addition, the symbols ｾ｡ｮ､＠ s mqy be used to imply 'greater than ·or 
equal' and 'less than or equal',· respectively. For instance, if 
I 
｛｡ＬＴＲＬＵ｝ｾ｛ＷＬＴＲＬＵ｝＠
then it implies tnat ﾷ ｡ｾＷＮ＠
The relationships of 'less than" and 'greater than' for signets of 
different grade are not define do 
A cantle is 'regular' if and only if its signets constitute a sequence 
in ascending order. It is suggested graphically as follows: 
This sequence is such that for any given signet, the preceding one (if 
any) is always less than or equal to the given one, and the next signet 
________________________ ___.:.__:.._____ ________ ----
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{if any) is always. greater than or equal to the given one.. Thus, stating 
that the foll owi.ng cantle 
· [ t 1 '; ta ; t s ; .. -•· • ; 'tnt] 
is regular, implies that ｴｾｳｴ｡ｳｴｳｳ＠ •.•. stm. Therefore, 
[1,2,3; 4,5,6; 7,8,9] and [-57,35; 0,35; O,l>; 12,0] 
are regular cafitles .. Otherwise, 
is an 'i rregul ar'cantle o For instance;· 
[1,2,3,4; 0,2,-1,2; ＵＷＬＸＬＰＬＲｾ＠
is irregular. 
A cantle of the first plexitude is consi9ere_d to be regular .. 
Two cantles of the same grade and plexitude are 'variants• of each 
other if they consist of the saroo s_ignets ｾ＠ but the order in ｾｨｩ｣ ﾷ ｨ＠ they 
are arranged ' :is different. This is graphically suggested by 
For instance, 
[-6,7,0; 4,0,1; 3,2,4; 6,1,2] 
is a variant of 
[4,0,1; 3,2,4; -6,7,0; 6,1,2] 
20 
A cantle is .considered to be a variant of ｩｴｳ･ｬｦｾ＠
2.3 FoRMICES 
A 'formex' is an abstract entity consisting of an ordered collection 
. . . 
of cantles of the same grade. Cantles in a formex are separated by 
commas and the whole sequence is enclosed within braceso 
The general form and notation of a formex is 
where 
b1 to br are cantles; 
r is the number of cantles in a formex and it is referred to as the 
'order of the formex.', ｲｾｏ［＠
I 
bk is a typical cantle, where in turn, the subscript 
i-}k is the serial position number of the cantle called the· 'orderate 
of the ｣｡ｮｴｬ･Ｇｾ＠
The cantles contained in a formex must be 
ｾ＠ all of the same grade, but H they may have different plexi tudes .. 
The common grade of the cantles becomes then the 'grade of the formex'D 
Examples of formices are: 
. {[1],[1; 2J,[1; 2; 3],[1; 2; 3; 4],[1; 2; 3; 4; 5]} 
. {[5,4; 3,2],[1,7; 2,7; 4,9],[1,7; 2,7; 4,9],[5,4; 3,2]} 
grade order 
1 
2 
5 
4 
21 
grade order 
{ [1 ,2,3; -1 ,-2,-3], [-5,7 ,8; -1 ,2,-3], [0,0,0], 
[0,0,0; 0,0,0],[3,6,1; 5,3,2; -5,7,8;' -1,2,1], 
[1 ,2,3; 4,2, 1 ]} 
. { [1 , 2 , 3, 4 , S.J , [-1 , 2, ｾ＠ 3, 4 , 5 J, [7, 3 , 11 , - l , 0 J, 
[ 4 ' -4. ｾ＠ 0 ' 4 '-4 ] ' [-1 0 ' 1 '-3 ' 1 '0 ] ' [1 ' 1 ' 1 ' 1 ' 1 ] ' 
[3,2,3,9 ',-1 J} 
3 
5 
The orderates of [1,2,3,4,5] and [1,1,1,1,1J in the last fonnex 
are 1 and 6, respectively .. 
6 
7 
Among all possible formices, there exists a fornex that is referred to 
as the 'empty forJOOx', denoted by::{}, which is considered as a formex 
consisting of no cantles and whose grade is regarded as 'arbitrary'. 
' 
The empty forrrex is an important object for operational purposes and 
its inclusion in the set of all formices he1ps to preserve the 
consistency of various concepts and rules of ｭ｡ｮｩｰｵｬ｡ｴｩｯｮｾ＠
Two formices are 'equal' if and only if they are idantica1G Hence, it 
is implied that the grade and the order of two formices must be the 
sam= if they are to be compared for 'equality'. Thus, ifF and F' are 
formi ces, 
F=F' implies that, in an orcered comparison, 
F= . f. . 
+ 
+-ｆﾷｾｻ＠
corresponding cantles must be equal 
b1, b2 , bs , ••••• ,. b.k. ' • •••• ' br } 
"t" '"T"' ｾ＠ ｾ＠
ｾｾ＠ 4 -!.-
b11' ｾ＠ 2 ' b' s ' .•.•• ' IJk' ...... ' 
+ s a m e 
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Therefore, the only way in which 
ﾷﾷｻｾＱ＠ ,2,3; -2,4,3] ,[7 ＬＲｾＲ｝ｽ］ ﾷ＠ {[1 11 ,1 12 ,1 13 ; 121 ,122 ＬＱ ＲＳ ｾ＠
[ Ｑｾ Ｑ＠ Ｌｉｾ Ｒ＠ ＬＱｾ Ｓ ｝ｽ＠
may be interpreted is that 111 =1, 112 =2, 113 =3, 121 =2, 122 =4, 123 =3, 
The relationship of equality between formices of different grade is not 
define do 
A formex is 'regul ar 1 if all of its cantles are regular; otherwise, it 
is 'irregular'o This is suggested below in graphical fotm as: 
ＧＡｾ＠
irregular 
not all 
--
For instance, 
the 
:t· 
regular · 
cantles are 
-Tt< 
irregular 
regular 
irregular 
· {[-1,2,-3; 0,-2,-3],[2,3,1; 2,4,1; 2,4,9]} is regular, and 
· {[0,-2,-3; -1 ,-2,-3],[2,3,1; 2,4,1; 2,4,9]} is irregular. 
_________________________ ___:__ ______________ --
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Two fo rmi ces of the s ｡ｾｭ Ｎ＠ grade and order are • variants • of each otha r 
if their corresponding cantles are variants of each other. This is 
graphically sketched below as: 
In other words, the signets of corresponding cantles are arranged in 
different order. For example, 
. {[1,3,7; 1,4,0J,[4,5,7; 6,4,2; 0,1,3],[0,1,2]} 
is a variant of 
. {[1,4,0; 1,3,JJ,[6,4,2; 4,5,7; 0,1,3],[0,1,2]}. 
and vice versa. 
A fonnex is considered -to be a variant of itSelf. 
Two formices of the same grade and order are 'sequations' of each other 
if a rearrangement of the cantles of either of the two formi ces can make 
them equalo _This is sketched below as: 
In other ｷｯｲ､ｳｾ＠ the ｳ｡ｾｭ＠ cantles are ordered in a different way in each 
formexo For example, 
----------------------------- --
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. {[1,3,7; 1,4,0],[4,5,7; 6,4,2; 0,1,3],[0,1,2]} 
is a sequation of 
. { [ 0 ,-1 ' 2] ' [ 1 ' 3 ' 7 ; 1 ' 4 '0] ' [ 4 '5 ' 7 ; 6 '4 ' 2 ; 0 ' 1 ' 3] } 
and vi ceversa. 
Every formex is considered to be a. ｳ･ｱｵｾｴｩｯｮ＠ of ｩｴｳ･ｬｦｾ＠
A formex is said to be 'homogeneous of the mth p1exitude' or an 'm-plex' 
forroox if all of its cantles are of the sarre mth plexitudeg Otherwise, 
it is said to be 'nonhomogeneous'o This is graphically suggested as: 
and 
'{ 
"l:! ! a 1 I ! ! I I\! ｛ｔｾ＠ I H1 t\ i ri! I\ II } is homogeneous 
t t t t t t !.t -t same grade 
-t :t ｾ＠ ｾ＠ plexitude 
· { t: 1 tu l 1 : 1 t r-11 1 l 
t t t! t 
:1::::. 
' !Til, 1 : ' \ j-]J } 
! 1:-t 
-::t= :t 
is nonhomogeneous 
·same grade 
different plexitude 
In other words, the condition for a fonnex to be homogeneous is that 
all of its cantles have the saw..e number of signets o For example, 
-{ [ 0 , J..; 0 , 1 ; 0 , l ] t [ 3s 2 ; 1 ,.0 ; 4 , 1 J , [ 1 ,.2 ; 3, 1 ; 1 , 3] } 
is a homogeneous formex of the third plexitude, while 
. { [ 1 '- 2; 1 ' 3 ; 3' 2; 1 '-2 ] , [ 2 '3; -1 '2 ] ,[ -1 '2]} 
is a nonhomogeneous formexo 
The empty form:x is considered to be a homogeneous formex of arbitrary 
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plexitude .. 
An'ingot' is a homogeneous · formex of ｴｾ･＠ firs plexitude in which there 
are no repeated signets. In other words, it consists of a sequence of 
distinct signets. For instance, 
. {[3,1J,[2,4J,[1,2J,[2,1J,[-3,2],[0,0J,[-2,-2]} 
is an ingot. 
Let F and G be a formex and an ingot of the same grade, respectively. 
The ingot G is said to be a 'catena, of F if and only if every 
signet of F is in G. Furthermore, if G is a catena of F then 
G is said to be an 'exclusive'catena of F ｾ ｩｦ ﾷ ｡ｮ､＠ ·only if every . 
signet of G is in F and is ｾ｡ｩ､＠ to be an ·'..inclusive' catena of F 
otherwise. For instance, if -
ｅｾｻ｛ＷＬＲ［＠ 3,1J,[3,1J,[4,5; 7,2; ＱＬＰ｝Ｌ｛ＨｾＵ［＠ 1,0]}, 
then · ｻ｛ＷｾＲｊＬ｛ＳＬＱｊＬ｛ＴＬＵｊｾ｛ｬＬｏｊｽ＠
is an exclusive catena of E and 
. ｻ｛ＷＬＲｊＬ｛ＴＬＵｊＬ｛ＳｾＱｊＬ｛ＹＬＹｊＬ｛ｬＬｏｊＬＨＸＬＶｊｽ＠
i s an i n c 1 us i ve catena of E • 
If G iS· an exclusive catena of a. fornex F then every sequati on ·of 
G is also an exclusive catena of F and if G is. an i ncl usi ve catena 
of a formex F then every sequation of G is also an inclusive catena 
of F. Every non-empty ingot is considered to be an inclusive catena 
of the empty formex, but the only exclusive catena of the empty formex 
is itself. 
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A formex of the first order may be written without the enclosi_ng brace .. 
A cantle, therefore, may be seen as a degenerate case of a fonnex and, 
consequently, a formex-of the first ｯｾ､･ｲ＠ · {b} and the cantle b may 
be used interchangeably in all contexts with the exception that a cantle 
which is written as a part of an explicitly given fonnex may not appear 
enclosed in braces. 
2.4 fORMEX COMPOSITION 
If F1 and F2 are two formices of the sama grade, then the · 
'composition' of F1 and F2 is defined as a fonnex F that consists 
of all the cantles of : F1, appearing in the same order as in F1, 
followed by all the cantles of F2, appearing in the same order as in 
F2 and the relationship between F, F1 and F2 is written as: 
The symbol # is called and read 'duplus' (Thus F1#-F2 is read 'F1 
duplus F2'). The word 4 composition• is used to refer to both the 
proyess of 'composing' two formices and the formex that is the result 
of this processo Composition for formices of different grades is not 
de fi ned. For e xamp 1 e , i f 
ｅｾｻ｛ＳＬＴ［＠ 8,5],[0,0; 0,0],[4,3]} 
and ｆｾｻ｛ＵＬＱ［＠ 1,5; 5,1J,[1,5J} 
then E # ｆｾｻ｛ＳＬＴ［＠ 8,5],[0,0; O,OJ,[4,3J,[5,1; 1,5; 5,1J,[l ,5J} 
and F # ｅｾｻ｛ＵＬＱ［＠ 1,5; 5,1J,[l;5J,[3,4; 8,5],[0,0; O,OJ,[4,3J} .. 
Furthermore, if 
ＮＮ｟｟｟ＭｾＭＭＭＭＭＭＭＭｾＭＭＭＭＭ｟｟｟｟［｟＠ ____ .:.____ _____ ｾ ＭＭＭ Ｍ -- ---
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ｇｾｻ｛ＱＬＳＬＲ［＠ 4,3,2J,[l,2,4J}, 
b1::=[7,6,3] 
and b2=[4,5,3; 1,0,1], 
then G # ｢Ｑｾｻ｛ＱＬＳＬＲ［＠ 4,3,2J,[l,2,4J,[7,6,3J}, 
b2 # ｇｾｻ｛ＴＬＵＬＳ［＠ 1,0,1J,[1,3,2; 4,3,2J,[1,2,4J}, 
bl # ｢Ｒｾｻ｛ＷＬＶＬＳ｝Ｌ｛ＴＬＵＬＳ［＠ 1,0!1]} . 
and b2 # b1={[4,5,3; 1,0,1J,[7,6,3J} .. 
Formex composition has the following basic properties: 
(1) Formex .composition, in general, is _not corrmutative-.. If E and 
F are two formices of the same ·grade then, in .general, 
E # f i F # E • .. 
(2) Formex composition is associative. If E, F and G are formices 
of the same grade, then 
{E # F) # G. == E # (F # G) .. 
( 3) If E and F ·are two fermi ces of the sa100 grade, then the 
formices (E #F) and (F #E) are sequations of one anothero 
( 4) For any formex E 
E #. {} =· {} # E = E. 
If Fi represents a formex that involves an integer variable i and 
Fj represents the same formex with every occurrence of i in it 
replaced by j and if m and n are two ｩｮｴ･ｧ･ｲｳｾ｡ｮ､＠ msn, then the 
construct 
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represents a formex that is referred to as a 'libra composition' and is 
given by 
The symbol ｾＭ｛ＭＭ is referred to .as the 'libra symbol' and 
is read as 'libra i=m to n'e Also, the notation used in writing libra 
compositions is referred to as the 'libra notation' 0 
For exa111Jle, 
5 E ; = 3 { c ; , 1 ; 2; , 3] , [ ; -1 , -; J l 
is equal to 
. {[3,1; 6,3],[2,-3],[4,1; 8,3],[3,-4],[5,1;"10,3],[4,-5]} 
and 
ｅｪｾＭ Ｔ＠ cj ,j"J...:. n -4,16] .c -3,9] ,c-2 ,4J .c-1,1 J .co ,OJ .n.1 n. 
Furthermore, 
E 2 E 1 [ i +J. ,; -J· ·, 2i +J •• 2i -J·J i =1 . j =o .. 
is equal to 
｛ｪｾｯ＠ · [1+j ,1-j; 2+j ,2-jJ # ｅｪｾｯ＠ C2+j ,2-j; 4+j ,4-jJ 
which,in turn, is equal to 
• {[1,1; 2,2],[2,0; 3,1],[2,2; ＴＬＴ｝ｾ｛ＳＬＱ［＠ 5,3]}o 
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The abstract ideas discussed so far allow practical applications in 
different areas of knowledge where problems are expressed through 
configurations. 
A configuration has been regarded as a collection of any kind of entities •. 
A formex may be considered to represent a configuration and it has been 
defined accordingly as a collection of abstract objects called cantles. 
Thus, cantles may also constitute an abstract counterpart of the 
components of a configuration that are regarded as indiyidual and ·i . ﾷ ﾷ ｾ＠
indivisible parts. Cantles are to represent basic or minimum units 
of generation that buildup a whole system (configuration/formex) by 
being combined, transformed and related • . 
A cantle is identified through its, signets, which represent selected 
points and features (physical or abstract) of an individual comp.onent 
of a configuration. Signets constitute a frame of reference in tenns 
of which the components of a configuration and their interrelations 
may be specified. Indices, in turn, are components of i denti fi cation 
of this system of reference. 
The particular way of interpreting and using the fanner concepts depends 
on the application area. As an example, an application to structural 
systems is graphically suggested in next page's diagram. 
30 
FORME X 
CANTLE 0 
.... ' tmJ 
•••••••••••• 0 •••••••••••••. ••••••••••••••••••••••••••• 
INDEX Iij -tinteger 
ASSEMBLY OF STRUCTURAL ENTITIES 
INDIVIDUAL STRUCTURAL _1 cantle• s .J 
ENTITIES ( ltP;;.l ･ｾｸ［［ｩｾｴｾｵ､･ｾＺＺＺＺＺＺｭ｡］Ｍｹ］ｲ･ｾＡｰ］｟ｲｾ･ｳ｟･Ｍ］ｮ］Ｍｴｾ］Ｚ］］］ｴ＠
••••••••••••••••• 0 ••••••••••••••• 0 
REFERENCE FRAME 
to identify/specify 
structural entities 
their i nterre 1 ati o.ns/ 
ｩｮｴ･ｲｱｯｮｮｾ｣ｴｴｯｮｳ＠
their properties -
-I-
1 nodal point, joint, 
external load, 
constrained degree 
of freedom, 
material and cross-
sectional properties, 
2 trember of 
skeletal structure, 
3 a t ri an g u 1 a r p 1 ate , 
a finite element 
triangle, 
--t- ••• 0 ••••••• 0 •••••• ' + 
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3 FORMEX PLOTS 
3.1 INTRODUCTION 
Graphical representation is unquestionably a powerful means of 
expression through which a wide range of abstract and physical 
situations may be conveniently handled. 
Configurations themselves may be represented through_ graphical means. 
Basic components and selected points of a configuration as well as its 
distinctive properties, such as interrelations, can be reproduced 
through elements of graphical representationo ｔｨｵｳｾ＠ a configuration 
may be practically 'seen' in a graphical .representation in which 
global as well as detailed aspects of the object can be expressedo 
A configuration has been considered to be any collection of physical 
and/or abstract entities. In this way, a problem, a. phenomenon, a 
situation or a process may be regarded as a configuration, which, in 
turn, finds expression through ｧｾｯｭ･ｴｲｩ｣＠ shapes. Thus, a structural 
system is a configuration, and so are a molecule, a circulations 
system in a city, a wall paper pattern, a crystal fonmation and a milk 
de 1 i very route • 
Fermi ces can be also graphically represented and the graphical 
representation of a formex is referred to as a 'formex plot'. 
A formex plot, in turn, is also a graphical expression of the 
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configuration represented by a formex. Formices and their plots play 
complerrentary roles in handli_ng problems ･ｸｰｲｾｳｳ･､＠ in the form of 
configurations. Next figure summarizes the relationship between 
configurations, formices and plots together with their respective roleso 
FORME X 
· rq, :t==t, ..... , +--l --+:1 } 
SOURCE PROBLEM 
. object 
phenomenon 
process 
situation 
__l ｧ･ｾｭ･ｴｲｩ＠ c shape ) f representing 
Ｑ］］ｾ］］］ＭＭ］ＭＺＺＺＺｾｾｾＺＺＺＺ］］＠ ｣ｯｲｲ･ｳｰｯｮ､･ｾ｣･＠ ｷ］］］ｺ］］ｾ＠
Its mathematical nature 
is sui table for 
abstract manipulation 
systematic lautomated !processing __ computer 
Both 
Its visual appearance 
is easier to be 
t related to the source problem/configuration linterpretedj . by . a human handled being 
play complementary roles 
in handling problems 
are mutually related through a common 
re fe re n ce sys tern. 
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3.2 RETROBASES 
Plotting a formex rreans t'rans formi_ng .it into a geometric shape, and in 
order to do this, it is necessary to have a set of rules that specify 
without ambiguity the way in which the transformation is to be carried 
out. Such a set of rules is referred to as a 'retrobasis'. 
A set ｾｦ＠ rules constituting a retrobasis may be divided into two 
groups: 
(1) 'Coordinate specifications', that is, the specification 
of a coordinate system together with the description of how 
indices are transformed into coordinates .. 
(2) 'Plotting conventions', consisting of a11 other rules of . 
the retrobasis which are not.included in coordinate 
speci fi cations. 
A retrobasis, however, need ｮｯｾ＠ necessarily include coordinate · . 
specificationso Also, it is possible to think of retrobases in which 
some indices are associated to coordinates and some indices are 
interpreted in ways that have no connection with coordinates .. It is 
not meani_ngful to design a set of plotti_ng rules that are of universal 
applicability, since a retrobasis that is suitable for a particular 
application may be quite unsuitable for a different type of application. 
A particular retrobasis should be defined according to the traditional 
conventions in a particular field and according to the sort of 
formi ces that are likely to be produced in that area. 
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A fonnex . { 1=:1 ,t=:t, n, ............. , t=!} 
ｾ＠0 . 
l . 0 
"/"/ ! / 
.,_ 
. 
.. 
j . ... 1- . 
and the resulting configurations may have 1 i ttle apparent geometric 
s i mi 1 ari ty o 
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For instance, consider the formex 
F={[3,4; 7,6],[6,2; 3,4],[7,6; 6,2],[7,6; 8,10; 11,8], 
[0,0; · 3,4],[3,4; O,OJ,[l2,5J,[15,6; 15,6]} 
and first, let some plotting conventions be established followed by a 
number of different sets of coordinate specifications and their 
respective plots. 
Plotting conventions: 
(1) A signet is to be represented py a small circle whose centre is 
defined by the coordinates of the point obtained from the 
transformation of the indices. It is 
0 
which is used to represent a signet that is either an 
independent cantle ('solital signet') or a signet that is a · 
segment of a cantle (\nonsolital signet'). 
{2) A cantle of the second ｾ ｟ ｬ･ｸｩ＠ tude is to be rept-esented by a 
straight line connecting the little circles that correspond to 
the signets in the same cantle, with an arrow-head placed on 
the line to indicate the order in which the signets in the 
cantle appearo It is 
{3) A cantle of the third plexitucle is to be represented by a 
shaded triangle, where the order in which the signets in the 
cantle appear is indicated by arrow-heads and the edge that 
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connects the small circles representing the last and the first 
signets does not have an arrow-head. It is 
(4) A cantle consisting of two equal signets is represented by a ·. 
little circle with one loop attached to ito It is 
In general, when the number o.f equa.l signets in a cantle is n, 
the number of attached loops· is -n-1. 
(5) Cantles are to be 1 abel led by their corresponding orderates , 
within small rectangles. For example, 
where R is the orde rate of the cantle o 
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Coordinate specifications No.1. 
Consider a 2-di rrensi anal Cartesian coo.rdinate system and let the centre 
of the small circle representing every distinct signet [1 1 ,12] in the 
formex F, given above, be transformed into a geometric point whose 
coordinates are 
{
x=Il 
y= 12 
The resulting configuration P1, shown in fig.3.2.1a, is a graphical 
representation ofF and it is referred to as a 'plot of F'o 
y 
0 l1]. 
I t I 4-
12 14 X 
Fig. 3. 2.1 a 
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For this first example, the plot P1 of F has been produced a second 
time in fig.3.2.1.b presenti_ng the formex Fin such a way that the 
correspondence between cantles and ｴｨ･ｩｾ＠ graphical representation may 
be directly appreciated. 
y 
F:;:;{[3,4; 7,6],(6,2; 3,4Js[7,6; 6,2],(7,6; 8,10; 11,8], 
, 
ﾷ ｾ＠
\ 
\ 
' \ 
" \ 
' 
I .T ｾ＠( ' I 
' I 
ｾ＠
ｾＮｉ＠ I \ 3 \ 6 -r 7 . 8 111 12 15 ,,... 
' 
'rn ｾ＠ c£ X 
[0,0; 3,4],[3,4; 0,0],(12,5J,[l5,6; 15,6]} 
Fig. 3. 2. 1 . b 
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Coordinate specifications No.2. 
Consider _again a 2-dimensional Cartesian coordinate system and let the 
centre of the little circle representing every signet [I 1,"I2J in F 
be transformed into a point whose coordinates are 
[ x= { 31 1 + 1 ) /2 
l¥== 12/2 
so that in a table, the transformation of all the distinct signets 
presented in ascending order can be summarized as 
I 1 0 3 6 7 8 11 12 15 
signet 12 . 0 4 2 6 10 8 5 6 
X 0 5 9.5 11 12.5 17 18.5 23 
point y 0 2 1 3 5 4 2.5 3 
The resulting configuration P2 ,shown in fig .. 3.2.2, is also a plot of Fo 
y 
Fig. 3. 2. 2 
... ｾＭＭＭ ＭＭＭ ﾷﾷＭ Ｍ ＭＭ Ｍ ＭＺＧＺＭＭＮＮ ｩｩｩｯ［Ｚ ｾ ＧＭＭＭＭＭＭＭＭｾＭＭＭ｟｟｟｟Ｚ＠ ______ ....:....__ ______ . ------- ......... . 
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Coordinate specifications No .. 3o 
Once again, let a -2-dimensional Cartesian coordinate system be considered 
and let the centre of the sma11 circle representing every signet [1 1 ,1 2 ] 
in F be transformed into a point whose coordinates are 
{
X= (I 1 ｾｉ＠ 2 +6) I 10 
y= (11+12-5)/10 .. 
The transformation of the distinct signets in F is summarized in the 
following table in ascending order: 
X 0 0.5 1.0 0. 7 0.4 0.9 1 • 3 1.5 
point y 0 0. 2 3. 0 0.8 1.3 1.4 1.2 1.6 
The resulting configuration· P3,, shown i_n fig,3.2.3, is yet another 
plot of F .. 
0.4 0.8 1.2 X 
Fig .. 3.2.3 
L-------------------------------------- -
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Coordinate Specifications No.4. 
This time, consider a ＲＭ､ｩｭ･ｮｾｩｯｮ｡ｬ＠ coordinate system consisting of a 
horizontal x-axis and an inclined y-axis at an angle of 60° measu_red 
anticlockwise with respect to the x-axis. Also, let the centre of the 
little circle representing every signet [!1,I2J in F be transformed 
i.nto a point whose coordinates are 
[x=I1 
k=I2. 
The resulting configuration P4 Ｌｾｳｨｯｷｮ＠ in fig.3.2.4, is also a plot of 
F. 
16 
X 
Fig-3.2.4 
--------------- ----
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Coordinate Specifications No.5. 
Let a polar coordinate system be used this time; and let the centre of 
the small circle representing every distinct signet [l1,I2J in F be 
transformed into a point whose coordinates are given as 
fr= I 1/2 
ｾ］＠ I 2 ( 1r I 15) 
The resulting configuration Ps , shown in fig.3.2.5, is also a plot of 
F. 
r 
Fig .. 3.2.5 
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Coordinate Specifications No.6. 
Consider the coordinate system shown below and let the centre of the little 
circle representing every distinct signet [11,12] in F be transformed 
into a point whose coordinates are 
rx=It 
ｾ］ＱＲ＠
The resulting configuration P6 , shown in fig 3.2.6, is also a plot of 
y 
6 
8 
11 12 
ｾ［＠ g 0 3. 2.6 
15 
1 0 
8 
6 
5 
4 
2 
.___ ___________________ ____:_ _____ ,______ _ _____ ------- - -·-·-
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As it may be appreciated, it is possible to produce an infinite number 
of configurations of the same formex F, given above, by using various 
coordinate systems and ､ｩｦｦ･ｲｾｮｴ＠ transformation rules. 
Plot P1 to Ps were produced in Cartesian coordinate systems and 
only the transformation rules were varied in order to obtain different 
configurations. In plots P4 to -. P6 , on the other hand, .the 
transformation rules were very simple and practically alike and the 
diversity of the resulting shapes was obtai ned by using different 
coordinate systems. 
Furthermore, the speci fi ca-tion of a quite different ret rob as is wi 11 
produce a configuration that may have no apparent resemblance with the 
plots of F displayed so far, and yet be a plot of F. 
As an example, let the following procedure be established: 
step (1) cqnsider the first plot of F shown in fig.3.2.1, but drawn 
in thin line, without arrow-heads and without labels of 
orderates; 
step (2) assign a variable N the va 1 ue of zero; 
step (3) make N=N+l and draw a square in broken line whose centre 
represents every dis ti net signet of_ P 1 (fig, 3 . .'2 .1) so that 
the sides of the squares are parallel to the coordinate 
axes and their length is ·equal to 2N units. See fig. 
3.2.7a; 
step (4) check that all the squares have a common segment of line 
with at least another square, or that all squ·ar5;:have an 
area of intersection with at leas't another square.. See fig. 
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3.2.7.a• 
If this happens, follow to step (5); 
if this does not· happen, ｲ･ｰｾ｡ｴ＠ steps (3) and (4} until it 
happens; 
step (5) choose any point of an outer square. and draw.:· a thicker · 
boundary line enclosi.ng all the outer squares; 
ignore the squares related to cantles of the first plexitude 
. 
or with equal signets; 
draw also in thicker line internal dividing ｳ･ｧｾｭｮｴｳＬ＠ chosen 
arbitrarily, between the squares already considered, leaving 
a gap between squares corresponding to signets in the same 
cantle. See fig.3.2.7b 
step {6) cantles of the first plexi tude or with equal signets are to. 
be represented by their srnalles.t enclosing square !t drawn in 
broken line; 
the squares corresponding to cantles with equal s_ignets or 
to signets in a cantle of the third plexitude are to be shaded. 
See fig. 3.2. 7b; 
step (7}. remove the remaining broken lines and the initial ' plot of F, 
the resulting configuration P7 , shown in ｾｩｧＮＳ＠ .. 2 .. 7b, is also 
a plot of F .. 
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X 
F.i g. 3. 2. 7a 
y 
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Plot P1 in fig.3.2.7b bringsout an important pointo The role that a 
particular constituent in a formex plays in graphical representation 
depends on the plotting conventions adopted in connection with the 
particular interpretation or use of these abstract objects in an area 
of applicationo In plot P1 , for example, signets were interpreted 
as centres of expanding concentric squares, which eventually gave rise 
to an architectural-plan-like shape showing ｾ､ｯｯ Ｎ ｲｳＧ＠ {gaps) between 
square areas corresponding to signets in the same cantle. This shows 
that the sole transformation of indices into coordinates, as in plots 
P1 to P6, though widely applicable in certain problems, such as · · 
structural configurations ｰｲｯ｣･ｳｳｩ Ｎ ｮｧｾ＠ 'is rrerely incidental and not a 
ｦｩｸｾ､＠ way of interpretation. The abstract nature of formicesallows a 
flexible usage and interpretation I depending o.n the type of problem 
appraochedo 
3.3 COMPLETE AND PARTIAL PLOTS 
A graphical representation of a formex F ｯｾ＠ grade n is referred to 
as a Ｇ｣ｯｲｮｰｬｾｴ･＠ plot of F', if all the indices ｉＱＬｉＲＬﾷﾷﾷﾷｾＬｉｮ＠ of 
every signet in F are involved in a particular retrobasi s. 
·: . 
On the other hanq, if the retrobasis is such that not all the indices 
of every signet in F take part in graphical representation, then the 
plot of. F is said to be a 'partial plot of F' with respect to this 
retrobasis and this partial plot is said to .'involve' only certain 
'directions', The tenn 'direction' is used here to refer to the position 
number, from left to right, of an index in a signet. 
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When a two-subscript notation is used for the indices, this position 
number is specified through the second subscript of every index as shown 
be low. 
po·s i ti on pas i ti on 
number number 
of a Ｎ｟ＭＭＫｾｾＭＭＴ＠ of an 
s i gne t i n i n de x i n 
a cantle a signet:'direction' 
The idea is expressed in the following diagram: 
When a one-s ubscri p:t notation· is used for the indices, the subscript 
indicates exclusively the 'direction' of an index in a signet. That is, 
Ij 
denotes an index in the jth direction .. 
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Let this be illustrated by an example. Consider the formex 
E ｾ＠ { [ 3, 1 , 1 ; 1 , 2 , 1 J , [ 1 , 2 , 1 ; 2 , 3, 3 J , [2 , 3, 3; 3, 1 , 1 J , 
[3,1,1; 4,2,1],[4,2,1; 2,3,3]} 
together with four retrobases and let the plotting conventions for 
these ·retrobases be as described for the first five examples in the 
previous section. Let the first retrobasis have the coordinate 
speci fi cations 
f
x= I 1/lO 
y= 12/10 
z= I s/10 
relative to a 3-ditrensional Cartesian coordinate system and let the 
coordinate specifications for the second, third and fourth retrobases 
relative to a 2-dimensional Carte?ian coordinate system be 
[x= I 1/lO 
ｾ］Ｑ Ｕ ＯＱＰ＠
[x= (I, +I2-2) /10 
ｾ］ｉ＠ s/10 
respectively. Furthennore, let the plots of E with respect to these 
retrobases be denoted by P1,P2, Ps and ｐｾｴＬ＠ respectively; see figs. 
3. 3.1 to 3. 3. 4 D 
P 1 and P 4 are 'complete plots of E, and P2 and P s are ·'partial 
plots of E' 0 
It has been mentioned already that the involveroont of an index in 
graphical representation need not necessarily be through coordinate 
specifications. Thus, let ｴｨｾ＠ second and third .tetrobases established 
above be appended by the following rule: 
for every cantle 
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the graphical representation is to be in full line if 
l1s==l2s and it is to be in broken line otherwise. 
Let the plots of E with respect to these modified retrobases be 
denoted by ｐｾ＠ and . p•3, respectively.. P'a and · P's are shown in figs. 
3.3.5 and 3.3.6 and they should be considered as 'complete plots of E' 
since they involve all three indices .. 
3.4 INTRINSIC PLOTS 
A retrobasi s is said to be an 'i ntri nsi c' retrobasi s if its coordinate 
speci fi cations are 
X= I tx=Ii or or. .. i 
y=Ij 
relative to a Ｑｾ＠ or 2- or 3-dirnensional Cartesian coordinate system, 
respectively, where i,j and k are different from each other and greater 
or equal to one. Also, i, j and k must be less than or equal to n 
(that is, the grade of the fonmx to be plotted). ｏｴｨ･ｮｾｩｳ･Ｌ＠ a retro-
basis is said to be an 'abtrinsic' retrobasis. Furthennore, if an·: 
intrinsic plot involves every direction of a formex through coordinate 
specifications, it is referred to as a 'pertrinsic' plot; otherwise, it 
is referred to as a 'subtrinsic' plot. It should be noted that only 
formices of grade 1 or 2 or 3 can have pertrinsic plots.. As a convention, 
the coordinate axes in an intrinsic plot are labelled by l!:!.,Ia , •••• as 
shown in .. fig$ • . 3 .• 4 .. 1 and 3.4.2 where the fornex 
ｆｾ＠ {[1, 1 ,2; 3,3,3; 4,1 ,-lJ ,[3,3,3; 1 ,4,2J ,[3,3,3; 4,4, 1]} 
has been plotted in a subtrinsic and a p.ertrins.ic fashion, ｲ･ｳｰ･｣ｴｾｶ･ｬｹＮ＠
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A subtrinsi c plot of F invol vin · directions 2 and 3. 
2 
1 
1 2 3 4 
Fig.3.4.1 
A pertrinsic plot of F (involvi_ng all directions} D 
Fig.3.4.2 
It is important to bear in mind that plots involving coordinates allow 
three possibilities according to space dimensions. Namely, · 
(1) Plots involving only one axis of coordinates, in whichever 
direction, are regarded as '1-dimensional' plotsG For instance, 
consider the formex 
E . {[3,2,1],[5,1,0; 3,0.,0J,[l7,19,1J,[6,0,1; 0,-,8,0]} 
and let every distinct signet in E be transformed into a little 
circle whose centre coordinate on the x axis shown below is 
defined by the following rule: 
X= (I 1 -I2)/l0. 
Also, if Is of a signet is equal to one, let the corresponding 
little circle be black and let the circles representing signets 
in the sawe cantle be connected with a straight line with an 
arrow-head indicating· the order in which the signets in the cantle 
appearv Orderates are to label cantles within small rectangles .. 
This p·lot of E is a complete plot of E since it involves all 3 
directions of every signet in E, but it is considered· 1-diiOOnsional 
because only one coordinate is specified. The sort of problem 
that may find expression through 1-dirrensional plots appear very 
limited, but it has been mentioned in order to illustrate this 
possibi 1 i ty .. 
57 
(2} Plots involving two coordinates are regarded as '2-dimensional' 
plots. These are the most widely used in all disciplines. Some of 
the reasons for this are: a great variety of problems may be 
•brought' into two dimensions and mapped into quite good 
approximations; also, 2-dimensional plots can be rather simply 
and unexpensively worked on as· well as related to a reference 
system in a straightforward manner. 
Most concepts and examples requiring illustration here are 
presented with respect. to 2-dimensional coordinate systems for 
the sake of simplicity and ease of interpretation. 
{3) Plots· involving 3 coordinates are regarded as 6 3-dimensional' 
plots. Strictly speaking, a 3-dimensional plot should be 
performed in a 3-dimensional set-up, where the 3-dimensional 
effect of the situation could be appreciated. In other words, 
a true 3-d1mensional plot is a model in physical space, whereby 
the approximation to a spatial phenomenon is generally closer 
and more comprehensive than with 2- or 1- dimensional 
representations. 
However, it is not always possib·le and advantageous to build 3-
dimensional models, especially when problems may be approached 
readily and efficiently through graphical representation. 
On the other hand, there are known ways of representing a 
situation given in a 3-dimensional space in a 2-dimensional one. 
For instance, conventional drawings are regarded as 1 projections' 
of an object onto various planes; the 3-dimensionality of the 
object can be reconstructed by associating {mentally} the various 
projections. In a similar fashion, a formex of grade n can be 
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plotted repeatedly showi.ng different aspect (directions) of the 
configuration represented (partial and subtrinsic plots). 
Also, .there exist ＲＭ､ｩｮ･ｾｳｩｯｮ｡ｬ＠ mappings which take full account 
of a three dimensional system of coordinates in a single plot, such 
as the various forms of the so called isometric drawing or the 
perspective projections, which suggest the 3-dimensionality of an 
object through distortions ans visualization techn·ique;se 
It should be noted that graphical representation of formices has been 
regarded here as a ＲＭ､ｩｾｮｳｩｯｮ｡ｬ＠ phenomenon for reason of convenience, 
despite other possibil_ities, such as perfonning it on other types of 
surfaces or even in a ｴｨｲ･ｾ＠ dirrensional set-up. A formex plot is, 
hence, a planar object irrespective of the possible .,multidirectionality• 
(grade n) of a corresponding formexo Thus, the 3-dimensional 
characterisitics of a confi,guration or, more general, the 'multi-
directional i ty• of a fonnex is mapped into the plane through appropriate 
transfonnations and suitable (plotting} conventions, depending on the 
contexto 
Graphical representation of formices plays a central role in practical 
applications of Formex Algebra and it deserves further elaboration. 
This will be developed in the next chapters parallel to further 
discussions on the theory of· form1ces. 
L..._ _______ __;_ _____________ ____.:_ _____ ｾＭＭ --- - .. -
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4 FORMEX FUNCTIONS 
4.1 INTRODUCTION 
In scalar algebra a relation such as 
Y= X3 -X2 +1 
defines a rule which may be .used to evaluate y for any given x. It is 
customary to refer to x and y as Ｇｩｮ､･ｰ･ｾ､･ｮｴＧ＠ and ｾ･ｰ･ｮ､･ｮｴＬ＠
variables, respectively, and to simbolize the relation by y= f(x). The 
term f is referred to as -a 'function' and represents the rule by which 
y is obtained from x. 
In an analogous manner, .formices may assume the roles of dependent and 
independent ｶ｡ｲｩｾ｢ｬ･ｳＮ＠ Thus, if a rule is established by which from a 
given formex F another formex F' is obtained, then this rule may be 
represented by a symbol, e.i. ｾＧ｡ｮ､＠ a notation such as 
F'=<P:F 
may be used to express F' in terms· of F. The symbol : is read as 
•of'. F and F.' may be regarded as independent and dependent variables, 
respectively, and <P will be the function that defines the relationship 
between them. 
Some general aspects and ｴ･ｲｾｩｮｯｬｯｧｹ＠ regarding formex functions are 
discussed next using the notation ｩｮｴｲｯ､ｵｾ･､＠ above: 
(1} If F and F' are two fromices and 
F'=<tdF, · 
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then it may happen that F may also be expressed in terms of F'o 
In this case the function is said to have an Ｇｩｮｶ･ｲｳ･Ｌｾ＠ The 
inverse of a function ｾ＠ is denoted by ｾＭ Ｑ＠ and has the property 
that 
(2) A composite function obtained from the repeated application, e.g. 
r 
r times, of a function ｾ＠ is denoted by ｾ＠ • Thus, 
ｾＺｾＺｆ＠ is written as ｾ Ｒ Ｚｆ＠
and 
and 
(3) A composite function that consists of ｾｭ＠ and ｾｮ＠ is equivalent 
to ｾｭＫｮｯ＠ Thus, 
and 
ｱＬＲＺｾＴＺｆ］ｾＶＺｆﾷ＠
ｾ＠ - 2 : ｾＡｓ＠ : F= 4> 9 : F o 
(4) ｾｨ･＠ zeroth power of any function 4> (that is, ｾ Ｐ Ｉ＠ is referred to 
as the 'identiti' function and has the property that 
that is, the identity function maps a formex into itself. 
The entity that is denoted by 4> in the above discussion is either of 
the form 
or of the form 
N 
where ｮｾｬ＠ and where N is a functional na.oo (or an abbreviation of it) 
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and A1,A2, .•.• ,An are referred to as 'canonic' variables. A canonic 
variable is any abstract object such as an integer or a formex and the 
role of a canonic variable is to provide specifications for the functional 
rule. Various functions that are described in the remainder of the 
present work will provide examples illustrating the role of canonic 
variables .. 
The preceding discussion in this section relates to formex functions 
that have a single independent variable. Also, all the formex functions 
that are introduced in the sequel have only one independent variable. 
However, it should be mentioned that, in general, a formex function may 
have any number of ｩｮ､･ｰ･ｮｾ･ｮｴ＠ variables. In fact, a process whose 
nature is the same as that of a formex function and involves two 
independent variables has already been defined. Namely, formex 
composition which is a ｾｵｬ･＠ for combining two fonmices to obtain another 
forroox .. The notation chosen for fonnex composition is •operational' 
rather than 'functional' but, ｩｾ＠ principle, there is nothing wrong in 
considering formex composition as a function or even writing it in 
functional notation .. 
A number of frequently useful formex functions are introduced in the 
sequel according to three main categories: 
Firstly, there is the family of formex functions that are referred to 
as 'transflections'. There are five basic classes of functions in this 
family and these are known as translation; reflection, vertition, 
projection and dilatation functions. In addition, any combination of 
these basic functions is referred to as a transflection. 
63 
Secondly, there is the family of 'introflections'o This family consists 
of three functions that are known as the recision, regular variant and 
absolute recision functions together with a group of four ｾｬ｡ｳｳ･ｳ＠ of 
functions thar are known as nexum, conexum, luxum and coluxum functions. 
Thirdly, there is the category of functions referred to as 'proflections' 
whereby a formex is generated in terms of a set of conditions. 
The above classification does not represent ｾｮ＠ absolute categorization 
but intends to group various formex· functions according to certain 
common features, such as the way in which they transform a formexo 
Transflections, for ｩｮｳｾ｡ｮ｣･Ｌ＠ are functions having in general a Ｇ､ｹｮ｡ｭｩｾ＠
nature, since the result of applying them is accompanied by changes in 
the position of a given. formex with respect to a reference system. 
Introflections. in turn, are functions involving alterations in the 
constitution of a formex without having, in general, the dynamic effect 
of transflections. 
These functions do not exhaust the possibilities, and whenever it is 
necessary to standardize a particular way of processing a formex, the 
process may be turned into a function. 
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4.2 TRANSLATION FUNCTIONS 
Let F be a formex of grade n, 
h be a nonzero positive integer less than or equal to n, and 
u be any integer. 
Furthermore, let a fonoox F' be obtained from F by replaci.ng the index 
Iih of every signet in F by Iih+u. 
The transformation of F into F' is shown in a typical cantle as: 
ｆｾ＠ { btt bz, ...... , II11,I1z, •••• , I1h , .••• ,l1n; 
lz1,lzz, •••• , Izh , •••• ,Izn; 
. 
0 •••••••••••••••••••••••••••• ' 
. . 
0 ••••••••••••••••• •I- ••••••••• ' 
Ft ｾ＠ {b1', b' [1 I I +u I 2' o••••' 11J 12,••••' lh t••••J lU; 
l21,I2z, •••• , I2h+u , •••• ,Izn; 
0 
0 •••••••••••• 1- ••••••••••••••• ' 
. . 
• • • • • • • • • • • • • • • • • • • • • • e • • • • • • J 
The rule by which F is transfonned into F' is expressed in tenus ofa 
function. This function is referred to as a 'translation' function and 
it is denoted by tran(h,u). F' is said to be a 'translation ofF' and 
the relationship between F and F' is written as 
F • = tran { h , u) : F. 
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Now, if P is an intrinsic plot of F involving the hth direction 
through coordinate specifications and P' is a homobasic plot of F', 
then P' is obtained by translating P parallel to the Ih axis by 
u units. This may be expressed graphically as 
p p• 
u 
u 
For example, if 
ｅｾ＠ {[1 1,2,3; 2,1 ,3; 4,3,3],[2,3,1J}, 
F= tran(l ,4): F 
and G= tran (2 ,-:-3): F; 
then ｆｾｻ｛ＵＬＲＬＳ［＠ 6,1,3; 8,3,3J,[6,3,1J} 
and ｇｾｻ｛ｬＬＭＱＬＳ［＠ 2,-2,3; 4,0,3J,[2,0,1J} 
Any translation of the empty formex is considered to be the empty formex 
itself o 
As an example, consider the cantles 
F1= [8 '1; 8,2] ' 
F2= [3,3; 4,3] 
and Fs= [2,2; 1 '1 ; 1,2] , 
and let ｆｾｯ＠ to F1!S be given as 
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and 
F,. = tran ( 1 , 2) : F 1 , 
F:s= tran(2,2):F1, 
F 6= tran{l ,-2): F 2, 
5 F1= ｾＭ ｴｲ｡ｮＨＲＬｪＩＺｆｾＬ＠Cf=4 
3 Fa= ｾｩ］ Ｒ＠ tran{l ,; ) :-F2, 
2 F_g = [ j = 1 tran ( 2 , - j) : Fa , 
F 1 o == [ ; ｾ＠ 1 tra n ( l, - i ) : F 1 , 
5 F11= [j=J tran(2,j) :Fs, 
F 1_ 2= tran ( 1.', 4) : F 1 # tran ( 1 , 1 0) : F s 
5 F1s= [j=2 tran(2,j):Fla, 
. .. 2 
Fl,.= ｅｩｾｬ＠ [ j : 2 tran ( 2 .m tran ( 1 , i ) : F 1 
# [ .4 tran(2,j): tran(l ,6): F2, J=O 
or alternatively, 
5 5 F 1s = [ [ tran ( 2_ ,j): tran { 1 , i): F s • 
. i =2 j=3 
Pertrinsic plots of F1 to F1s are shown in fig.4.2.1, where the 
plot of a formex Fi is indicated by Pio The conventions used for the 
plots of fig.4.2.1 are the same plotting conventions estabiished for 
the first six examples in sectiori 3.2, except that the orderates of the 
cantles are omittede The orderates will be excluded from now on and as 
a result the plots will contain no information regarding the relative 
positions of the formex cantles. This, however, will notgive rise to 
any ambiguity with the type of examples considered • 
._ ________ __;_ __ ____;_ _____________ ___:__ ______________ --
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ｾ［ｧＮ＠ 4. 2.1 
The formices F1 to F1.!S given above are atso plotted using two 
abtrinsic retrobases. The plots shown in fig.4.2.2 are with respect to 
a retrobasis that relates to·:a 2-ditrensional Cartesian coordinate system 
and has the coordinate specifications 
Jx= 0.4:11 
ｾ］ＰＮＲ＠ I2 
and the plots shown in fig.4.2.3 are .with respect to a retrobasis that 
is associated with a polar coordinate system and has the coordinate · · 
specifications 
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Fig.4.2.3 
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An examination of the plots in fig.4.2.2 reveals that the translational 
effects have retained their usual sense. However, the same cannot be 
said about the plots of fig.4.2.3. Here, a translational function 
tran(l,u) gives rise to a radial displacement which may be accompanied 
by an enlargement or diminution, and a translational function 
tran(2,u) results in a rotational movement. The mode of usage of 
translational functions in most cases is such that the resulting 
graphical effects include at least some notion of 'translation'o 
However, the precise nature of these effects depend on the particulars 
of the retrobasis used. 
Translational ｦｵｮ｣ｴｩｯｮｾ＠ have the following basic properties: 
(1) ·Translational functions are commutative. That is, 
tran(ti ,u•):tran(h,u):F=tran(h,u}:tran(h' ,u•):F. 
(2) The inverse of a translation function tran(h,u) is the 
translation function tran(h,-u). That is, 
-1 tran(h,u) :F= tran(h,-u):F. 
{3) tran(h,u'):tran(h,u):F=tran(h,u+u'):F; 
this in turn implies _that 
t:an(h ,u)i: F= tran{h, i u): F, 
where i is any integer·. 
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4.3 REFLECTION fUNCTIONS 
Let . F be a formex of grade n, 
h be a nonzero positive integer less than or equal to n, and 
u be either an integer or a semi-integer, where a 'semi-integer' 
is a rational number of the form M/2 with M being an odd 
integer. 
Furthermore, let a formex F' be obtained from ·F by replacing the 
index Iih of every signet in F by 2u-Iih. 
The transformation of F into F' is shown in a typical cantle as: 
I 1h , 
ｉｾ＠ 1, I 22 s.• ••• , 12h 
' 
.. ｾ＠ ..... . . 
' 
Iih 
' 
. . i" ••••• .. 
, Imh 
' 
-
--..... I""" 
F' . ｻ｢ｾＬ＠ ｢ｾＬ＠ [111ti12t .... 
' 
2u-l1h , 
I21,Ia2, •••• 
' 
2u-I2h , 
. . . . . . . . . . . . ••• e • e ID e e • 
' 
2u-lih 
' 
. . . ·• ........ . . . . . . . . . . . 
, 2u-Imh 
' 
· · · · , I 1n; 
. 
' ....... ' 
. 
. ....... ' 
. • .. , I ln; 
. · ... , I 2n; 
........ , 
..•. , lin; 
. 
. ....... ' 
..... ,InmJ, ••••• , bf} 
The rule by which F is transformed into F' is expressed in terms of 
a function. This function is referred to · as a •reflection• function 
and it is denoted by ref(h,u) .. F• is said to be a 'reflection ofF' 
and the relationship between F and F• is written as 
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F'= ref{h ,u): F 
ｎｯｷｾ＠ if P is an intrinsic plot of F involving the hth direction 
through coordinate specifications and P' is a homobasic plot of F•, 
then P' is the mirror image of P with respect to a plane which is 
normal to the Ih axis and intersects it at a point for which Ih= u. 
This ｾ｢･＠ graphically expressed ｾｳ＠
. ｯＮＮＮＭｾ＠ ___ u __ _...,. 
For example, ·.if 
E={[O,O,O,O; 1,2,3,1J,[l,l,l,l; 1,2,3,1; O,O,O,OJ}, 
F= ref(2 ,3): E 
and G= ref( 4,-1) ｾ＠ E, 
then ｆｾｻ｛ＰＬＶＬＰＬＰ［＠ 1,4,3,1],[1,5,1,1; 1,4,3,1; 0,6,0,0]} 
and ｇｾｻ｛ＰＬＰＬＰＬＭＲ［＠ 1,2,3,-.3J,[l',l,l,-3; 1,2,3,-3; 0,0,0,-2]}. 
Any reflection of the empty formex is considered to be the empty formex 
itself. 
To illustrate the application of reflection functions, consider the 
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following cantles 
F1== [10,7; 11 ,6; 10,6] 
and F2=Cl,6; 2,7], 
and let the formices Fs to F1o be given as 
Fs== ref(l ,7):F1, 
F tt = ref ( 1 , 3i) : F 2, 
F5-= ｲ･ｦＨＲＬＴＩＺｆｾＬ＠
F6=ref(2,5i):F1 # ｲ･ｦＨＲＬＲｩｽＡｆｾＬ＠
F7= ｲ･ｦＨＲＬｳＩＺｲ･ｦＨＲＬＷｩＩｾｆＴＬ＠
F s = [ . 1 ref ( 2 , 7) j : ( ｾ･＠ f ( 1 , 5 i ) : F s # ref ( 1 , 9! ) : F 1 ) , J=O 
F.= [ .1 [ ｾ｜＠ . ref(l ,5) 1 : ref(l ,j/2): F. 
1 =o J= 6 
ahd F .. ｾ＠ [ 1 ｾ Ｒ＠ Ej!o ref( 1, i): ref(l ,2)j: ref( 2,4): Fa. 
Pertrinsic plots of F1 to F1o are shown in fig.4.3ol, where the ·plot 
of a formex Fi ·is indicated by Pio These formices are also plotted 
using abtrinsic retrobaseso· Firstly, with a retrobasis which has 
coordinate specifications 
Jx= 0.211 
1!==0.1!2,. 
relative to a 2-dimensional Cartesian coordinate system and, secondly, 
with a retrobasis having the.coordinate specifications 
jr= 1.511 
ｾ］＠ 121T/10 
relative t6 a polar coordinate system. The plotting results are shown 
in figs.4o3.2 and 4.3.3o It is seen that ·the normal reflective effects 
are present in ｦｩｾＴｯＳＮＲＬ＠ whereas in the plots of fig. 4.3.3 the 
reflective effects are accompanied by some distortion • 
.__ _______________________ __: ____________ - .... 
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A functional form of the type 
1 ; [ . ref(h ,u) 
1=0 
is referred to as ｾｬ｡ｭ｢､｡＠ combination' and it is written as 
lam(h,u) .. 
. Thus, 
lam(2,5):F and ｛ Ｑ ｾ Ｐ＠ ref(2,5)i:F 
are two equivalent ways of writing the same formex, 
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Reflection functions have the following basic properties: 
(1) Reflections that correspond to different directions are commutative. 
That i s , i f h :;1 h' , then 
ref(h' ,u• ) : ref(h ,u): F = ref{h ,u): (h' ,u' ) : F o 
(2) A reflection function is the inverse of itself. That is, 
ref(h ,u) -l : F = ref(h ,u): F. 
This in turn implies that if i is any integer, then 
ref(h ,u) 2i: F= F 
and ref(h ,u) 2i+ll F=-ref(h, u) IF 
That is, any even power of a reflection function is equivalent to 
the identity function and any odd power of a reflection function 
is equivalent to itself. 
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4.4 VERTITION fUNCTIONS 
Let. F be a formex of grade n, where ｮｾＲＬ＠
h 1} where h1 =F h2 , be two nonzero positive integers 1 ess than 
and 
h2 or equal to ri, and 
u1} be either any tWo integers or any two semi-integers. (Thus, 
and 
u2 U1=2, u2=-4 and u1=Si, ｕＲ］ＭＷｾ＠ are acceptable, but 
u1= 3, U:a = -1! and u1 = li, u2 = 4 are unacceptable). 
Furthermore, let a formex F1 be obtained from F by replacing the 
indices Iih 1 ｾｮ､＠ Iih2 of every signet in F by U2+U1-Iih2 and 
u2•u1+Iih1 , respectively. 
The transformation of F into f• is shown in a typical cantle as: 
I . {b1 b. F = 1, 2, ........ , 
' ... ' '. 0 0, I 1U; 
' ... ' ' •• D 'I 2U; 
. 
o•••••••o•••••••••••••••••••••••· •••oo••••Jt•••' 
' ... ' 
. 
oeeo••••••• ...... ••••••••• 0 • e G e e e e •••••ｶｾ••••ｴ＠
Imt' ... • ' lm.hl ' ... ' Imh2 , .... ,Imn 
l- l-
I11s•••' U2+u1-I1h2 ' ... , u2.:.u1+I1h1 ' ••• 'I lU; 
I21t•••' u2+u1-I2h2 ' ... ' u2-u1+l2h1 , ••• ,I2n; 
. 
ｾｾｾＧ•ｶ•••••ｴ･••••••••••••••••ｾ•••••••••••••••••••ｓ＠
. 
0 •••••••••• ｾ＠ ••••••••••••••••••••••••••••••••• ' 
, .... ,br} 
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The rule by which F is transformed into F1 is expressed in terms of 
a functiono This function is referred to as a 'vertition' function and 
it is denoted by ver(h1,h2,u1,u2). F1 is said to be a .'vertition ofF' 
and the relationship between F and F1 is written as· 
Now, if P is an intrinsic plot of F involving both the ｨｾｨ＠ and 
ｨｾｨ＠ directions through coordinate specifications and if p• is a 
homobasic plot of F1 , then P' is obtained by rotating P by n/2 
about an axis that is perpendicular to the ｾｨ Ｑ Ｍｉｨ Ｒ＠ plane and 
intersects this plane at a point for which Ih1=U1 and Ih 2 =U2, and 
where the sense of rotation is such that if Ih 1 is rotated by n/2 
about the origin, its positive siae will map .into the positive side of 
Ih2• 
This may be graphically expressed as 
p• 
0 
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For instance, if 
F::: { [ 0 , 0 , 0 , 0; 1 , 4 , - 3, 2] , [ 6 , 3 , 1 , 1 J } 
then ve r( 1 , 2, 2,1 ) : F = { [ 3,1 , 0, 0; -1 , 2,-3, 2J , [ 0, 7,1 , 1 J} 
and ve r ( 3 , 1 , - i , ll ) : F = { [2 , 0 , 1 , 0 ; -1 , 4 , 0 , 2] , [ 3 , 3, 5 , 1 J } • 
Any vertition of the empty formex is considered to be the empty formex 
itselfo 
To illustrate the application of vertition functions, consider the 
cantles 
F1 =[6,1; 7,1] 
and F 2 = [ 1 , 4; 1 , 5; 2, 5] , 
and let the formi ces F3 to F12 be given as 
F 3 = ve r { 1 , 2 , 6 , 2) : F 1 , 
F 4 = ve r ( 1 , 2 , 8, 3) : F 1 , 
F5 = ver{l ,2,8,3): F3 , 
F6 = ver(l ,2, 1 ,8): F2 , 
F 7 = ve r ( 1 , 2 , 5 , 1 ) 2 : F 1 , 
F.= [ i ｾ Ｐ＠ ver(l ,2,2,2);: ver(l ,2,2!,!): F7 , 
F 9 = [ 3 ve r ( 1 , 2 , 5 , 4) i : ve r ( 1 , 2 , 2, 4) : F8 , l=o 
F 1 o = [ 2 ve r ( 1 , 2 , 12 ,_5 ) i : v.e r ( 1 , 2 , 7, 9) : F, , i=o 
F 11 = [ . 3 ve r ( l , 2 , 2 , 7) i : ve r ( 1 , 2 , ｾ＠ , 5l ) : ·F2 1 =o 
and F12 =[. 3 ver(l,2,7,8)i:ver(l,2,5,7) 3:F6 • 
1=0 
Plots of the above formices are shown in figs. 4.4.1, 4.4.2 and 4.4.3, 
where, as usual, the plot of a formex Fi is indicated by P1. The 
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plots in fig. 4.4.1 are given with respect to a pertrins;-c retrobasis, 
while the plots in fig. 4.4.2 are given with respect to a retrobasis 
that has the coordinate specifications 
Jx= 0.751,._ 
lY= 1.1512 
relative to a 2-dimensional Cartesian coordinate system and the plots 
in fig. 4.4.3 are given with respect to a retrobasis that has coordinate 
specifications of the form 
relative to a p9lar coordinate system. It is seen that the vertinional 
effects · (that is, quarter-turn effects), which are ･ｶｩ､ｾｮｴ＠ in the plots 
of fig. 4.4.1, have been modified·in various ways in figs. 4.4.2 and 
4.4.3. 
8 
6 
4 
2 
2 4 6 8 10 12 
Fig. 4.4 .1 
.__ _____________________ __.:..._ ____ ｾＭＭＭＭ
80 
y 
e 
6.0 
F"· 1g. 4.4.2 
Figo 4.4.3 
X 
r 
The following functional forms have been given special names and 
equivalent expressions: 
(1) 
{2) 
. (3) 
(4) 
1 0 
Ei=o ver(h1,h2,U1,u2) 1 is referred to as 'gamma combination' 
and it is written· as 
gam(hl,h2,U1,u2). 
Thus, gam(3,4,-l,-3):F and J; 1!0 ver(3,4,-l,-3)i:F are 
equivalent. 
1 2. [. ver(h1,h2,u1,u2) 1 is referred to as 'linear combination' 1=0 
and it is.written as 
lin(h1,h:z,Ul,u2) .. . 
Thus, 1 in(l ,2,-3,4): F and, [ 1 ｾ Ｐ＠ ver(1 ,2 ,-3,4) 21 : F are 
equivalent. 
is referred to as 'clover combination' 
clov(h1,h2,u1,u2). 
Thus, clov(2,3,i,1l):F and [ 1: 0 . ver(2,3,l,1l)i:F are 
equivalent .. 
3 0 E; =o ver(h 1, h:z ,u 1, u2) 1 is referred to as 'rosette combination' 
and it is written as 
ros{h1,h2,u1,u2)• 
Thus, ros (1 ,3, 1, 1): F and [ 1 : 0 ver(1 ,3, 1,1) i: F are equivalent. 
- ----------------------- ----·--·-·- ··- -
L------------------------------------------------- -
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Some basic properties of vertition functions are: 
(1) Except for some speci a 1 cases, verti tion functions ·are not 
commutative. 
(2) The inverse of a vertition function is the cube of itself. That 
is, 
{3) If i is any integer, then 
ver(h1 ,h2 ,u1 ,u2)4i: F= F. 
That is, is the identity function. 
It is important to point out that the restriction of 'u1 and u2 being 
either integers or both.· semi -integers' is unnecessary when a verti ti on 
function is raised to an even power. · Thus, it is meaningful and 
permissible to write 
P=ver(l,3,-ll,2}2:F 
-8 
or P=ver{l,2,1,4i) :F. 
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4.5 PROJECTION FUNCTIONS 
Let F be a formex of grade n, 
h be a nonzero positive integer .less than or equal to n, and 
u be any integer .. · 
Furthermore, let a formex F' be obtained from F by replacing the 
· index Iih of every signet in F by u._ 
The transformation of F into F' is shown in a typical cantle as: 
Fl . { I 1 == bl, b2, ...... , 
[lttsllat••••' I1h , •••• ,Iln; 
I21,I:ta, •.••• , I2h , •••• ,I:an; 
. 
0 •••••••••••••••••••••••••• , 
. 
0 ••••••••••••• 0 •••••••••••• ' 
ｾ Ｎ＠
u ' .... 'I lU; 
. 
0 •••••••••••••••••••••••••• , 
. 
0 •••••••••••••••••••••••••• , 
The rule by which F is transformed into F' is expressed in terms of 
a function. This function is referred to as a 'projection' function 
and it is denoted by proj(h,ti). F' is ｾ｡ｩ､ Ｎ＠ to be a ｾｰｲｯｪ･｣ｴｩｯｮ＠ ofF' 
and the relationship between F and F' is written as 
· F' == proj {h, u): F 
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Now, if P is an intrinsic plot of F involving the hth direction 
through coordinate specifications and P' is a homobasic plot of F' ｾ＠
then P' is obtained by projecting P onto a plane that is perpendicular 
to the Ih axis and intersects it at a point for which Ih=u. This 
may be graphically expressed as 
For example, if 
F _..: { [ 4 , 6 , 7 ; 1 , 1 , 1 J , [ 0 , 0 , 0 ; 2 , -3 , 4 ; 5 , 8 ,. -1 J } 
then proj(l,-75):F...:{[-75,6,7; -75,1,1],[-75,0,0; -75,-3,4; -75,8,-1]} 
and proj(3,7):F={[4,6,7; 1,1,7J,[0,0,7; 2,-3,7; 5,8,7J}. 
Any projection of the empty formex is considered to be the empty 
formex itself. 
L-------------------------------------·- -- -····· 
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As an example of the application of projection functions, consider the 
cantles 
F1=[l,l; 2,2J, 
F2=[3,2; 4,2; 4,1J 
and F s = [ 5 , 1 J , 
and let F4 to F1s be given as 
F 4 = pro j ( 1 , 7 ) : F 1 , 
Fs= proj (2,3): F 1, 
Fa= ｛ｪｾｓ＠ proj(2,j): F., 
F 7 =. p raj ( 1 , 3) : F s , 
ｆ｡］ｰｲｯｪＨｬｾｳＩＺｆＷＬ＠
· F 9 = p raj ( 2, 4) : F 2, 
F 10= proj (1 ,5): F9, 
7 F 11 = [ j =6 proj ( 2 ,j): F 2, 
12 F 12 = E; =9 p raj ( 1 , i ) : F 2 
d F E 12 .E 7 .(2 .. ). .(1 ")'F an 1s=. 7 ·=4 proJ ,J ,proJ ,1. s· 1= J-
Plots of formices F1 to F1s are shown in figs. 4.5.1, 4.5.2 and 
4.5.3, where Pi denotes the plot of Fio ｔｾ･＠ plots in fig. 4.5.1 are 
produced using a pertrinsic ｲ･ｴｲｯｾ｡ｳｩｳＬ＠ while the plots of fig. 4.5.2 
are produced using an abtrinsic retrobasis that has coordinate 
s peci fi ca ti ons 
jX=1.2I 1 
ｾ］＠ 0.812 
relative to a 2-dimensional Cartesian ·coordinate system and the plots 
in fig. 4.5.3 are produced using a retrobasis that has coordinate 
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specifications fr= 1.211 
ｾ］＠ 121f/8 
relative to a polar coordinate system. 
The plotting conventions employed in figso 4.5.1, 4.5.2 and 4.5.3 are 
those established previously but with two simple additions: 
(1) A plot of the form indicated by P9 represents a cantle of 
plexitude three and contains two adjacent equal signets. 
(2) A plot of the form indi"cated by P 10 represents a cantle of 
plexitude three and consists of three equal signets. 
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Projection functions have the following basic properties: 
(1) Projection functions that correspond to -different directions are 
commutative. That is, if h=fh', then 
proj(h' ,u• ):proj(h,u):F=proj(h,u):proj{h' ,u' ):Fo 
(2) A projection function does not have an inversea 
(3) A combination of two or more projection functions that correspond 
to ·the same direction is equivalent to the last projection function 
implemented. That is, 
proj(h,ur): •••••• :proj(h,u2 ):proj(h,u 1 ):F=proj(h,ur):F. 
I 
This in turn implies that if i is a nonzero positive integer, 
then 
proj ( h, u); : F = proj ( h, u) :F. 
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4.6 DILATATION FuNCTIONS 
Let F be a formex of grade n, 
h be a nonzero positive integer, and 
u be a rational scalar of the form M/N, where M is any integer 
and N is a common divisor of the hth indices of all the 
signets of F. 
Furthermore, let a formex F' be obtained from F by replacing the 
index Iih of every signet in F by uiih· 
The transformation of F into F' is shown in a typical cantle as: 
••••• t 
ﾷ ｆＧｾ＠ {b't, b' 2 ' ••••• , 
[It1,It2,•••·' 
I21,I2a, •••• , 
'• • • • 'I tn; 
, .... , I an; 
. 
. . . . . . . . . . . . . ｾ＠ .............. ' 
. . 
• • • • • • • ' • • • • • ID • • • • • • • • • • • • • • , 
Iml,Ima, •••• , lmh , •••• ,ImnJ, •••• , br} 
Ｎ ｾ＠
[I 11, I 12, •••• , ui 1h , •••• , I 1n; 
l2 1, I 2 2 , •••• , ul 2h , •••• , I 2n; 
. 
• • • • • • • • • • • • • • • • • • • • 0 ••••••• , 
. 
. .. . . . . .. . .. . . . . . . . . . . . . . . . . . . . ' 
Imt,Im2t••••' Uimh , •••• ,ImnJ, •••• , b\:-} 
The rule by which F is trans fanned into F' is expressed in terms of 
a function. This function is referred to as a 'dilatation function' 
and it is denoted by dil(h,u). F' is said to be a 'dilatation of 
F' and the relationship between F and F' is written as_ 
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ｆｾ＠ = di 1 (h, u): F 
Now, if P is an intrinsic plot of F involving the hth direction 
through coordinate specifications and P' is a homobasic plot of F', 
then P' is obtained. by stretching or contracting P by a. factor of I ul 
in a direction parallel with the Ih axis. There is normally an 
accompanying translational displacement and if U<O then there will be 
an additional reflective effect. This may be graphically expressed as 
I t t 
0 
For example, if 
E={[],-3,4],[2,1,2; -1,0,8]}, 
then di1(1,50):E....:.{[50,-3,4J,[l00,1 ,2; -50,0,8]} 
and dil (3,-3/2) Ｚｅｾ＠ {[1 ,-3,-6],[2,1 ,-3; -1 ,0,-12]}. 
Any dilatation of the empty formex is considered to be the empty formex 
itself. 
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To exemplify the application of dilatation functions, consider the formex 
F1 . {[2,1; 1,1; 1,2],[2,1; 2,2],[2,2; 1,2]} 
and let the formices Fa to . ｆｾ＠ be given as 
F_a = di 1 ( 1 , 3) : F 1 , 
F s= di 1 ( 1 , -1): F 1, 
ｆｾｴ］ Ｎ ､ｩｬ＠ (2,3): Fa, 
F s = di 1 ( 1 , 1 I 3) : F 4 
and F cs= di 1 (1 ,-2/3): F4 .. 
Plots of formices F,. · to Fa - are shown in figs. 4.6.1, 4.6.2 and 
4.6.3, where the plot of Fi. is indicated by Pi.. The plots in fig. 
4.6.1 are- obtained ｵｳｩｮ ｟ ｾ＠ a pertrinsic retrobasis, whereas the plots 
in fig 4.6.2 are obtained using a retrobasis that has coordinate 
speci fi cations 
[
x=4I 1 
Y=2Ia 
relative to a 2-dimensional Cartesian coordinate system and the plots 
in fig. 4.6.3 are obtained using a retrobasis that has coordinate 
speci fi cations 
[
r= I 1+6 
e.= Ia;r/8 
relative to a polar coordinate system .. 
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Dilatation functions have the following basic properties: 
(1) Dilatation functions that relate to different directions are 
commutative. That is, 
r 
(2) The inverse of a dilatation function dil(h,u) is dil{h,l/u). 
That is, 
di 1 {h, u) -l: F= di 1 (h, 1 /u): F. 
Note that if u is a rational scalar of the form M/N, then 
dil(h,u)-1:F 
is meaningful provided that M is a common divisor of the hth 
indices of all the signets of F. 
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{ 3) dil(h,u' ＩＺ､ｩｬＨｨＬｵＩｾ ﾷ ｆ］､ｩｬＨｨＬｵｵ•＠ ):F, 
and this in turn implies that if i is any integer, then 
di 1 ( h, u) i : F = di 1 ( h , u i ) : F. 
A composite function of the form 
tran(h,v):dil(h,u) 
is referred to as a 'dilative translation'function and it is written as 
dilt(h,u,v). 
Thus, dilt(h,u,v):F and tran(h,v):dil(h,u)!F are two equivalent ways 
of writing the same formex. 
As an example, if 
E= [1 ,3; 2,9; 3,3; 2,4] , 
then F = E 3 di 1 t( 1 '· i + 1 , i 2) : E · i=o 
is the formex whose pe.rtrinsic plot is shown in fig. 4.6.4. 
4 
2 
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4.7 GEMINATIONS AND TRIADS 
A 'gemination' is a transflection that relates to two directions. Some 
geminations have special names and these are described below. 
A •ｧ･ｭｩｮｩ､ｾ＠ is a gemination ·that relates to directions 1 and 2 in 
the order 1,2. In particular, 
tran(2,u2):tran(l,u1) 
is referred to as a 'translation geminid' and is written as tranid(u1,u2}; 
. ref ( 2 , u2 ) : ref ( 1 , u 1 } 
is referred to as a Ｇｲ･ｦｬ･｣ｾｩｯｮ＠ geminid' and is written as refid(u1,u2}; 
ve r ( 1 , 2 , u 1 , U2 ) 
is referred to as a 'vertition geminid' and is written as verid(u1,u2); 
proj(2,u2) :proj(l ,ul.) 
ｾｳ＠ referred to as a 'projection geminid' and is written as projid{u 1 ,u2}; 
dil(2,u2}:dil(l,u1 ) 
is referred to as a ｾｩｬ｡ｴ｡ｴｩｯｮ＠ geminid' and is written as dilid(u
1
,u2}; 
lam(2,u2}:lam(l,u 1 ) 
is referred to as a 'lambda geminid' and is written as lamid(u
1
,u2}; 
gam ( 1 , 2 , u 1 , u 2 } 
is referred to as 'gamma· geminid' and is written as gamid{u
1
,U2}; 
lin(l,2,u,,u2) 
is referred to as a 6 linear. geminid• and is written as linid{u1,ua); 
clov{l,2,u1,u2) 
is referred to as a .. . clover geminid' and is written as clovid(ul,u2) and 
ros(l,2,ul,u2) 
is referred to as a 'rosette geminid' and is written as rosid{u 1 ,U2). 
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Note that the abbreviation for a. geminid is obtained by attaching the 
suffix· 'id' to the abbreviation for the function from which the geminid 
is derived. 
Analogously, there is a set of geminations that relates· to directions 1 
and 3 in the order 1,3 and a set of geminations -that relates to 
directions 2 and 3 in the order 2,3 and where the ｮ｡ｾ＠ 'geminis• 
and the suffix 'is' are used for the former set, and the name 'geminit• 
and the suffix 'itt are used for the latter. For example the 
functional form 
tranit(j,k) 
is a 'trans 1 ati on gemini t' and is eq ui va 1 ent to 
tran(3,k):tran(2,j); . 
the functional form 
. projis(i ,"k) 
. is a 'projection geminis• and is equivalent to 
proj(3,k):proj(l,i) 
and the functional form 
cl ovi t(j ,k) 
is a 'clover geminit' and is equivalent to 
clov(2,3,j,k), 
which in turn is equivalent to 
2· . . i [ i =o ve r ( 2 , 3 , j , k) 
A 'triad' is a transflection that relates to directions 1, 2 and 3 
in the order 1,2,3 and the suffix 'ad' is used to indicate this. 
L-------------------------------··--·· 
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Thus, 
tran(3,us):tran(2,u2):tran(l,u1) 
is referred to as a ｾｴｲ｡ｮｳｬ｡ｴｩｯｮ＠ triad' and is written as tranad(u1,u2,us); 
proj(3,us):proj(2,u2):proj(l,u1) 
is referred to as a 'projection triad• and is written as projad(ul,u2,us); 
dil{3,us):dil(2,u2):dil(l,u1) 
is. referred to as a 'dilatation tri·ad' and is written as dilad{U 1 ,u2,us); 
etcetera ••• 
There is no restriction to extend the list of .triads and geminations 
whenever the situation ·demands it provided that some compatibility with 
the basic scheme is mantained. 
· Examples of the use of geminations and triads will appear later at various 
points. 
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4.8 RECISION fUNCTION 
Consider a formex F and let it be transformed into F1 through the 
following process. If F contains any equal cantles and bi and bj 
are two such equal cantles, and if the orderate of bi is less than the 
orderate of bj , let bj be deleted from the formex. Let this procedure 
be repeated until no equal cantles are left. Summarizing, 
r= ｉ］ｾ＠
F={b. ,b2. b ••••• ·X· ·X 
, ..1. ,... . 
F ·=· { b 1 , b 2 b 3 , • • • , b i , . . . ,' b r} 
ｲ］ｾ＠
• bi •••• ﾷｾ＠ . . . ' 
The resulting formex F' is referred. to as the •recision 'of· F' and the 
rule by which F is transformed into F1 is represented by a function. 
This function is denoted by •rec' ｾｮ､＠ it is referred to as the •recision' 
function. The relationship between F and F1 is written as 
F' = rec:F 
For example, if 
F-·{[1,1,1; 3,1,1],[1,1,1; 2,3,1],[2,3,1; 3;1,1],[3,1,1; 2,3,1], 
[3,1,1; 2,3,1],[1,1,1; 2,3,1],[1,1,1; 3,1,1]}, 
then the recision of F is found to be 
rec: F - · { [1 , 1 , 1 ; 3, 1 , 1 J, [1 , 1 , 1 ; 2, 3, 1 ], [2, 3,1 ; 3, 1 , 1 ], [3, 1 , 1 ; 2, 3,1 J} .. 
-----------------------------------------
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A formex containing no equal cantles is its own reci.sion. In particular, 
an ingot is its own. recision and the recision of the empty forrrex is the 
empty formex itself. 
· To illustrate the application of the recision function, suppose that it 
is required to write a formex whose pertrinsic plot is as shown in fig. 
4.8.1, wi.th the direction of the elements being arbitraryo A possible 
way of achievjng this purpose is to begin by writing 
.F= E1 ｾ＠ ｛ｪｾｯ＠ tranid(i ,j ll Hl,l; 2,1], [1,1; 1,2J, [2,1; 2,2], 
[1,2; 2,2]}, 
procedure which is graphically suggested as 
D 
basic forJre..X 
However, redundant elements 
witn the same direction are 
generatedo 
-----------------------'-------=---- -- - ..... 
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The application of the recision function, in this case, rids of 'the 
unwanted elements ｣ｾｮｶ･ｮｩ･ｮｴｬｹＮ＠ That is, 
and F' is a formex that satisfies the requirements. 
2 4 6 8 
Fig.4.8.1 
The recision function has the following basic.properties: 
(1) The recision function has no inverse. 
(2) For any integer i>O 
(3) An i.ngot is its own recision and so is any fonnex of the first 
order. 
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·4,9 REGULAR VARIANT FUNCTION 
Consider a formex F and let it be trans formed into F' by replacing 
every cantle b in F by b' , where b' is a regular cantle and at the 
same time it is a variant of b o 
The transformation is represented in a typical cantle as: 
ｩｲｾ･ｧｵｬ｡ｲ Ｍ ｣｡ｮｴｬ･Ｚ＠ signets not in ascending order 
F ....: { bJ., b2, [tJ.; t2; t3; t4; . . tm], •••• •' br} ..... , .... , .... ' 
1-ll 1 
' . { b' b1 [t4; . o •••• , b'r} F = 1' 2, e•ooat 0 ••• ' .... ' 
ｾ･ｧｵｬ｡ｲ＠ cantle: s.ignets in ascendi.ng order 
·.The resulting formex F' is ·referred to as the 'regular variant of F' 
and the rule by which F is transformed into F' is represented by a 
function. This function is denoted by 'rev' and is referred to as the 
'regular variant function•. The relationship between F and F' is . 
written as 
F' =rev: F 
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For example, if 
ｆｾｻ｛ＴＬＴＬＲ［＠ 3,4,3; 1,2,2],[3,4,3],[2,4,1; 1,0,3], 
[2,2,1; 1,2,1],[2,4,7; 3,2,1]}, 
then the regular variant of F is given by 
ｲ･ｶＺｆｾｻ｛ｬＬＲＬＲ［＠ 3,4,3; 4,4,2J,[3,4,3J,[1,0,3; 2,4,1], 
[1,2,1; 2,2,1],[2,4,7; 3,2,1]} • 
. The regular variant of the empty formex is considered to be the empty 
formex i tse 1 f. 
The regular variant function is used when it is required to set all the 
cantles in a formex in a 'regular' (known) way. 
The regular variant function has the following basic properties: 
(1) The regular variant function has no inverse. 
{2) For any integer i>O 
revi: F= rev: F. 
(3) Any homogeneous fornex o-f the· first plexitude is its own regular 
variant. 
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4.10 ABSOLUTE RECISION fUNCTION 
If F' is the recision of the regular variant of a formex F, that is 
F' = rec: rev: F, 
then F' is said to be the 'absolute recision of . F' and the 
relationship between F and F' is written as 
F'=arec:F .. 
To illustrate the application of the absolute recision function, consider 
again the ｣ｯｮｦｩｧｾｲ｡ｴｩｯｮ＠ shown in fig. 4.8.1 and let it be represented 
this time by the formex 
E= E; ｾ Ｐ＠ ｛ｪｾｯ＠ trani d(i ,j): {.[1, 1; 2,1 J ,[2 ,1; 2,2] ,[2 ,2; 1,2], 
[1,2; 1,1]} • 
. The procedure is graphically represented as 
D 
basic formex However, redundant elements with 
opposite directions are generated. 
io4 
The application of the absolute recision function is the ｩｾ､ｩ｣｡ｴ･､＠ in this 
case to discard the unwanted elements. First, the regular variant function 
turns all cantles ｾｲ･ｧｵｬ｡ｲＧＮ＠ As a result, the redundant elements have the 
same direction and they are then eliminated by means of the recision 
function which works in terms of the relationship of equality between 
cantles. Thus, in 
E' is a formex that satisfies the requirements. 
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4.11 CORDATIONS 
Let E and F be two formi ces of- the same grade and let. fonni ces F 1 
to F4 be obtained as follows: 
F1 is obtained by deleting every cantle of F that includes ｾｯｲ＠ more 
si Qnets that ｾ＠ not in E. F 1 is referred to as the 'nexum of F 
·with respect to E' and the relationship between F and F 1 is written 
as 
F2 is obtained by deleting every cantle of F that includes one or more 
ｳｩｧｮ･ｾｳ＠ ｴｨ｡ｴｾ＠ in E. F2 is referred to as the 'luxum of F with 
respect to E• and the relationship between F and F2 is written as 
F2= 1 ux(E): F .. 
·Fs is obtained by deleting every cantle ·of F that consists of signets 
all of which ｾ＠ in E. Fs is referred to as the 'conexum of F 
with respect to . E' and the relationship between F and F3 is written 
as Fs= conex(E): F. 
F4 is obtained by deleting every cantle of F that consists of signets 
none of which are in E. F4 is referred to as the •coluxum of F 
. . 
with respect to E' and the relationship between F and F4 is written 
as F 4 = co 1 ux ( E ) : F. 
. • 
As an example, let F be a formex and · g be an ingot of the second grade, 
and let their pertrinsic plots be as shown in fig. 4.11.1. The pertrinsic 
plots of nex(g):F, lux(g):F, conex(g):F and colux{g):F are also·shown 
and they provide a means for visualization of the significance ofcordations. 
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Some properties of cordations are: 
(1) A cordation does not have an inverse. 
(2) For any formex F 
and 
(3) For any ｦｯｲｾ･ｸ＠ F 
and 
ne x ( {}) : F.:_ . {}, 
conex( {}): .F= F, 
lux({}):F=F 
col ux( {}): F= {}. 
nex{F) ｾｦ］＠ F, 
｣ｯｮ･ｸｾｆＩＺ＠ F= {}, 
1 ux{F): f= {} 
. co 1 ux( F) : = F. 
(4) If E and F are any two ·formices of the same grade, then if all 
the cantles of F that constitute nex{E):F are removed from F, 
the remaining formex is conex(E):F and viceversa. Similarly, if 
all the cantles of F that constitute lux(E):F are removed from 
F, the remaining formex is colux{E):F and viceversa. Hence, 
and 
nex(E):F # conex(E):F, 
conex(E): F # nex(E): F, 
lux(E)fF # colux(E):F 
colux(E):F # lux(E):F 
are sequations of F. 
(5) If cord(E):F represents a cordation of F with respect to · E 
and if e is an exclusive catena of E, then 
------------------------- ····· ··--·-·· 
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cord(e) ｾ Ｍ ｆ］＠ cord( E): F 
and the same will apply if e is a sequation of E or if e is 
a variant of E. 
(6) For any integer i>O 
cord{E) i: F= cord( E): F. 
(7) If E and F are any two formices of the same grade, then 
nex(E): conex(E): F _: {}, 
conex(E) :nex(E): F:;; {}, 
1 ux(E): col ux(E): ｆｾ＠ {} 
and co_l ux ( E ) : 1 ux (E) : F....:._ { } • 
ＭＭＭＭＭＭＭＭＭ］ＭＭＭＭＭＭＧＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＧＭＭＭｾ ＭＭ -... . . 
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5 CONFIGURATION PROCESSING 
5,1 INTRODUCTION 
Formex A 1 g.ebra . pro vi des a means for a.l gebra i c representation and 
processing of configurations, where the term configuration is used to 
mean any combination of physical and/or abstract entiti·eso 
Some approaches to configuration processing are explored in this 
chapter, where the attention is focused on configurations representing 
structural systems in ｾｮ＠ engineering and/or architectural context. 
. . 
The ｧｲｾｰｨｩ｣｡ｬ＠ arrangement displayed in fig. 5.1.1 will serve as a 
medium to introduce some basic ideas involved in the processing of a 
configuration. To begin with, this configuration may be interpreted 
in two complementa·ry wayso Firstly, as an interconnection pattern and, 
secondly, as a formex plot. An immediate consequence is that a 
suitably constituted formex that has such a plot is capable of 
·representing the interconnection pattern o 
In addition, the interconnection pattern is considered to consist of 
two main aspects; namely, points of interconnection and interconnecting 
elements. The latter may be considered to represent two-ended members 
in a structure with only two .possible interconnecting points. Every 
element is represented in the plot by a straight line segment, whereas 
the interconnection points are given by the intersections between lines. 
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Also, the configuration is to be represented through two-plex formices 
of the second grade, so that every element is represented by a cantle 
of the second grade whose two signets correspond to the ends of an 
element. It is evident from fig. 5.1.1 that the configuration is 
referred to a 2-dimensional Cartesian coordinate system and. that its 
•signets' are displayed in such a way that their indices correspond· to 
integer coordinates ·only • 
. ' 
.!2 
10 
7 
4 
1 
1 4 7 10 13 16 
Interconnection Pattern (graph) I Formex Plot 
11 ｾ＠ typical element 
ｬｪＲＭＫＭＭ｟Ｍ｢ｫｾ＠
Ii• V-J 
i 
typical cantle 
Fig. 5.1.1 
I 1 
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It is assumed that in formices that represent interconnection patterns, 
unless otherwise specified, the order of appearance of the signets in a 
cantle and the order of appearance of the cantles do not have any 
significance. Consequently, the plots of these formices are shown 
without arrow heads and orderates. The above assumption implies that 
if F is a formex representing an interconnection pattern, then every 
variant of every sequation of F will equally serve the purpose. 
Also, no specification has been made with respect to the metric 
properties of the configuration. An interconnection pattern is regarded 
as a ｴｯｰｯｬｯｧｩ｣ｾｬ＠ entity describing the way in which the elements of a 
configuration are interconnected, irrespective of -the metric 
characteristics. Formices are used in this case to represent this 
topological entity and metric properties are related to it subsequently. 
This was made evident previously when various sets of geometric 
particulars were related to a formex through various retrobases. 
5.2 PERPANSIVE FoRMULATIONS 
In a '-perpansive' formulation one proceeds by first identifying a 
number of basic cantles and/or formices known as •generants', and then 
obtains the required result ·by composition of various transformations 
of the generants. For the example suggested ·;n fig. 5.1.1, for 
instance, 
[1,1; 2,2] 
is a possible generant in the following formulation: 
G 1 = [ 3 ve r ( 1 , 2 , 2 , 2) i : [ 1 , 1 ; 2 , 2 J i=o 
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4 C: tran(l,2i}:tran(2,2j):G1. j=O 
The word ｾｦｯｲｭｵｬ｡ｴｩｯｮＧＬ＠ incidentally, is used to refer to both the 
process of formulating and the resulting sequence of formulae. 
The most convenient way of tracing back the ｶ｡ｲｾｯｵｳ＠ transformations is 
first, to identify the generant(s) on the plot and then to follow the . 
functional processes of the formulation in the reverse order, that is, 
from right to left, since that is the order.in which the transformations 
take place. Thus, i.n order to interpret how F1 above is 'generated', 
it -is suggested to read the formulation as if it were written in this 
way: 
i ｇｾ］］｛ｬＬｬ［＠ 2,2] is subjected to ver(l,2,2,2) , for i=0,1,2 and 
3; the result is: 
, which is equivalent to G1 
ｇｾ＠ :-becomes now the gene rant for the next functional form,. and 
G11 is subjected to tran(2,2j) for j=0,1,2,.oo•,4, and the 
result is: 
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12 
j=4 
j=3 
Ｒｾ＠ j=2 
j=l 
j=O 
I1 
which becomes the independent variable for tran(1,2i), for 
i=O,l,2, •••• , 7 , which in turn amounts to the whole configuration. 
The transformations have been accumulated in the above order and 
the process to obtain F 1 ,is now complete .. 
A more convenient way of writing the formulation for F1 is achieved 
through the equivalent geminational notation as 
C:j:O tranid(2i,2j):rosid(2,2):[1,1; 2,2]. 
A generant need not necessarily be a cantle or _a unicantle formex. For 
instance, an equivalent way of writing the ｲｾｱｵｩｲ･､＠ formex formulation 
is 
where 
G2=={[2,2; 1,1],[2,2; 1,3],[2,2; 3,1],[2,2; 3,3]}. 
It is important to notice that both F, and F2 above are formices 
capable of representing the suggested configuration of fig. 5.1.1 • 
.__ ______________________________ -····· -
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However, F1 is not equal to F2 since the order and sense in which the 
elements of the configuration are represented are nor the same for F1· 
and F2. Nevertheless, they are considered to serve the same purpose, 
because no restriction was established in this respect. Consequently,_ 
as mentioned before, any variant of any sequation of a formex representing 
the configuration fulfills the requirement. 
· If the elements of a configuration had to be represented in a formulation 
according to a particular order and sense, then no variant or sequation 
of the resulting formex would be an acceptable substitution. 
An alternative way of formu-lating the required formex to represent the 
configuration of fig. 5.1.1 may be given by a so called 'primitive 
formulation'. Primitive formulations constitute a category of perpansive 
formulations· that employ no functional procedure other than the process 
of formex composition and libra notation. 
For instance, two formices formulated in a 'primitive' fashion capable 
of representing the configuration of fig. 5.1.1 are F3 and F4 given 
below. 
Fs = ｅｩｾｏ＠ [j!o {[2i+l ,2j+l; 2i+2,2j+2J, 
[2i+l,2j+3; 2i+2,2j+2], 
[2i+3,2j+l; 2i+2,2j+2], 
[2i+3,2j+3; ＲｩＫｾＬＲｪＫＲｊｽＮ＠
F-E 7 E 4 E 1 E 1 [2i+2,2J"+2·, 2i+2h+l,2J"+2k+l]. 4
- i=O j=O h=O k=O 
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The two following diagrams are intended to clarify the details of the 
two given primitive formulations. 
E 1 E 4 E 1 E 1. i=Oj=Oh=Ok=O [2i+2,2j+2; 2i+2h+l,2j+2k+l] 
j=O 
21 } 
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It may be ｣｡ｾ･ｧｯｲｩ｣｡ｬｬｹ＠ stated that any formex may always be written in 
terms of a primitive formulation. However, functions others than formex 
composition are used not because they are absolutely necessary, but 
. because they give rise to convenience for the human formulator. 
Primitive formulations may become quite compact expressions that appear 
very simple because of the ·absence of many symbolic functional forms. 
. This simplicity, however, only remains so for the formulator when 
dealing with very regular configurations or with configurations whose 
generants are very simply combined. ｆｲｯｾ＠ the point of view of the 
human formulator it is_ normally simpler and faster to rely on the 
descriptive nature of the functional forms in order to represent, step 
by step, the way in which a configuration is constituted in terms of 
a fOrtn9Xo 
When tracing back the composition of F1, for instance, each functional 
form was a preci s.e description ·of a transformation, whose effects caul d 
·be directly identified at a certain stage. In the alternative primitive 
formulations {Fs and F4), on the other hand, there is no functional 
notation that helps to interpret and distinguish the transformations, 
and therefore, the various and cumulative combinations can become quite 
difficult to follow, especially when there is more than one variable 
associated with a particular·indexo 
From another point of;view, formulations based on symbolic functional 
forms require a knowledge of the theoretical grounds and properties 
of each function, whereas primitive formulations require only the 
understanding of the cumulative effects and properties of formex 
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and libra composition, as well as a .proper usage of variables as indices. 
In addition, primitive formulations could give rise to efficient computer 
routines and conseque_ ntly, the usage of primitive formulations is 
usually confined to standard routines for dealing with formex 
representation of configurations. 
A s·omewhat different approach to formulate a formex for the conf'iguration 
shown in fig.S.l .1 is to express its 'generation' according to a set of 
conditions. For instance, one may begin by formulating an ingot g 
corresponding to the interconnection points of the configuration through 
any.of the previously discussed techniques, such as 
I 
g1= ｛ Ｑ ｾ Ｐ＠ [j;O tranid(2i ,2j): [1, 1 ], 
g2= ｛ Ｑ ｾ Ｐ＠ ｛ｪｾｏ＠ ｴｾ｡ｮｩ､ＨＲｩＬＲｪＩＺ｣ＲＬＲｊ＠
. and g= g 1 # g2. 
Secondly, let the following conditional expression be established: 
F,.= E;:i Er:q+l[tq; trJ if zi ｾ＠ lqr ｾ＠ Ｒｾ＠
where tq and tr are two distinct signets of g and q < r. Also, 
s is the order of g and lqr is the 'distance' between two compared 
signets given by 
lqr= ((I1q-Ilr) 2+{I:zq-I 2 r) 2 )i. 
It should bementioned that lqr is not considered a geometric distance, 
but a measure established in relation to the coordinates used in a 
particular case and which is called the ｾｭ･ｴｲｵｭＧ＠ of a cantle. The 
conditional expression above means that if the metrum between two 
distinct signets tq and tr in g lies between two parameters, in 
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this case both of them equal to 22 , then a cantle [tq; ·trJ is to be 
generated and added to any cantle in F,.o· In other words, F,. · consists 
of all the cantles.whose metrum is Ｒｾ＠ and whose signets are all in g. 
As previously commented, the repeated need of processing formices in a 
particular way may suggest turning the process into a standard function. 
Thus, the procedure described above is generalized ·as a function called 
ｾｶｩｮ｣ｵｬｵｭ＠ function'o The formal definition is as follows: 
Consider an ingot of the nth grade 
g . {tl,t.2,.. •••• ,tr}, 
where a· typical signet of g is given by 
Also, consider the sequence B given by 
where a typical term of B is a cantle of the second plexitude 
b ij = [I i 1 , I i 2 , ••• , I in; I j 1 , I j 2 , • • • , I j n J • 
Also, let the real scalar 
llij= (± ＨｉｩｫＭｉｪｫＩ Ｒ Ｉｾ＠
k=l 
be referred.to as the 'metrum' of bijo Furthermore, consider two real 
scalars R1 and R2 and· 
if R1:::R2, then 1 et e.very .term bij of B for which 
ll .. · <R l.J 1 or llij >R2 be deleted from B, 
and if R2<R1, then 1 et every term bij of B for which 
llij <R2 or llij>Rl be deleted from B. 
Finally, let the remaining terms of B constitute a formex F and 
let the order of appearance of these terms in F be the same as in B. 
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The two-plex formex F thus obtained is referred to as the 'vinculum' 
of g with respect to R1 and R2. 
The rule through which the vinculum of an ingot is obtained with respect 
to the real scalars R1 and R2 is symbolized in ·terms of a function. 
This function is denoted by 
vin(R1,R2) 
and is referred to as a vinculum function. If F is the vinculum of 
an ·ingot g with respect to R1 and R2, _then the relationship between 
F and g is written as 
The vinculum of the empty formex \'lith respect to any two scalars is the 
empty formex·and so is the vinculum of an ingot of the first order with 
respect to any two real scalars. Also, if ｒＱＬｒＲｾＰＬ＠ then the vinculum 
of any ingot with respect to these scalars is the empty formex. A 
vinculum function, in general, 'has no inverse. 
As an example, consider once more the configuration shown in fig.S.l.l 
and let it be formulated through this approach. 
E. 1 E8-i ES-i * g= i=O j=Ok=O proj i d( 2j+i + 1 ,2k+i + 1} ｾ＠ I ,J 
*note that any values for I and J 
would give rise to the same ingot 
where g represents all the distinct signets in the configuration and 
F :s = vi n ( 2 ｾ＠ , 2 i) : g 
represents the configuration. Note that if the canonic variables in 
ｶｩｮＨＲｾＬＲｾＩ＠ are changed, the resulting configuration is different. 
For instance, 
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l 
F 6 = vi n ( 2 2 , 2) : g 
is also a vinculum of the same ingot g, but this time the result is · 
the configuration shown in fig.5.2.1, which is different from the one 
in fig.5.1.1. 
I2 
to 
7 
4 
4 ? 10 13 16 
11 
Fig. 5. 2.1 
Furthermore, 
F7= vin(lol,loi):g 
is also a vinculum of the same ingot g, but the result, shown in fig. 
5.2.2, is a different configuration. 
10 
7 
4 
1 
1 4 7 10 13 16 
11 
Fig. 5.2.2 
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In ｾｨ･＠ plots of figs.5.2.1 and 5.2.2, not all the line intersections 
correspond to signets contained in g. Moreover, not all the line 
intersections correspond to interconnection points. Here, the elements 
are considered to pass each other and meet only at the points indicated 
by dotso These dots, in addition, correspond to the signets contained 
in g. 
5.3 ON THE UsE OF LIBRA PARAMETERS AND OTHER 
CANONIC VARIABLES 
It is worth mentioning here that the parameters m and n in a libra 
notation [ n 
m 
and the ｣｡ｮｯｮｩ｣ｾ＠ variables in most functions allow 
various possibilities in the formulation of many configurations. 
Furthermore, in many cases·a required formulation is determined more 
by the way in which these parameters are dealt with as variables, than 
by the selection of functions. · In order to illustrate this, consider 
again ｦｩｧＮＵｾＱＮＱ＠ and the above given formulation for the formex F2. 
That is, 
F2= [ 1: 0 ｛ｪｾｏ＠ tranid(2i ,2j):G 2 
where ｇｺｾ＠ {[2,2; 1,1],[2,2; 1,3],[2,2; 3,1],[2,2; 3,3]}. 
This formulation for F2 de·scrib'es a configuration considered to be 
generated by the accumulated translations of the generant G2. The 
result is an array of m by n Gz-units along 11 and ! 2 , respectively. 
A series of variations on this configuration may be obtained if a 
number of alterations are done to libra parameters and canonic 
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variables, while the symbolic form of the function tranid and the 
independent variable G2 are left invariant in the formulation. This 
is exemplified through formices E1 to Ea ,given below, and their 
respective plots. The alterations performed are indicated by * with 
respect to the original _formulation for F2. 
E1-= ｛ｩｾｏ＠ ｛ｪｾＺＪ＠ tranid(2i,2j):G2 
corresponds ｾｯ＠ the plot 6f fig.5.3.1 
Eo= E ｩｾｏ＠ cj:: * tranid(2j* ,2i*): G. 
corresponds -to the plot of fig.5.3.2. 
E:.= ｌｾｯ＠ [ ｪｾＺＪ＠ trani d(2i ,2j -2i*): G2 
or · E ｾ］＠ c:o [j::* tranid(2j-2i* ,2i*): G2 
! 
corresponds te the plot ·of fig.5.3.3. 
E,.= ｛ｩｾｏ＠ ｛ｪｾＺｾ＠ tranid(l4-2i*,2j):G2 
or E' E 7 [ ＮｾｾＪ＠ tranid(2J"*,14-2i*) •, G2 
,.=i=O · J-1 . 
corresponds to the plot of fig.5.3.4. 
•* . 
E E 7 [14-l. t . d ( 2 . * 2 . *) I G :s=i=Oj=i* ran1 J, 1 1 2 
corresponds ｾｯ＠ the plot of fig.5.3.5o 
E.= ｅｲｾ［＠ ｣ｪＺｾ＠ tranid(2i+2j*,2i*) :G .. 
corresponds to the plot of ftg.5.3.6. 
E7== ck:o* ｅｩｾｫＪ＠ ｅｾｾｾｩＺ＠ tranid(2j*,(-l"k2i+l4)*):G2 
corresponds to the plot of fig.5.3.7. 
Ea= ｛ｩｾｏ＠ *tranid(2.i,2i*):G2 
corresponds to the plot of fig.5.3.8. 
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5.4 SUPERPANSIVE · foRMULATIONS 
In a perpansive formulation of an interconnection pattern the required 
formex is obtained as a simple composition of formices representing 
various collections of the elements of the configuration and at no stage 
of the formulation any superfluos elements are generated. However, it 
is often convenient to allow superfluos elements to be generated in the 
intermediate stages of the formulation and these superfluos elements 
may then be disposed of through such functions as recision and cordations. 
This ｡ｾｰｲｯ｡｣ｨ＠ in generation of formices for ｾ･ｰｲ･ｳ･ｮｴ｡ｴｩｯｮ＠ of 
configurations gives rise to formulations that are referred to as 
'superpansive' formulations. Superpansive formulations are particularly 
convenient when dealing with irregular config.urations. 
As an example, consider. the configuration of fig.5.4.1. Thinking in 
terms of a ｰ･ｲｰｾｮｳｩｶ･＠ formulation, it is possible to specify a generant 
that could be used to obtain the required formex. However, the 
procedure could be very lengthy, because there is not an apparent set 
of simple rules governing the overall generation of the configuration. 
In fact, it.is necessary to divide the ｣ｯｮｦｩｧｵｾ｡ｴｩｯｮ＠ into smaller 
sections that can be easily formulated and, subsequently, all these 
fragments should be combined thtough formex composition. 
On the other hand, the configuration of fig.5.4.1 could be regarded as 
a subset of another configuration which is highly regular and could be 
readily generated, such as the configurat1on shown in fig.5.1.1. The 
required result then could be obtained at subsequent stages where the 
elements that are to be kept or dropped ｷｯｾ､｢･＠ selected through 
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cordations. Thus, if the formulation given for F1 . in section 5.1, 
that is, 
7 4 F1- [ [ tranid(2i,2J")•.rosid(2,2),1'[1,1·, 2,2], 
- i=O j=O 
is given first, then 
ｂＱ］ｬｵｸＨｧｾＩＺｆＱ＠
where 
g1 = linid(9,6)': ([8,2] # [j:O tranid(2j,-2j): ｬ｡ｭｩ､ＨＳＬＹＩＺ｛ｾＬＱＰｊｽ＠
constitutes a superpansive fonnulation for the configuration shown in fig. 
5 .4 .1 0 
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Similarly, the configuration shown in fig.5.4.2 may be formulated as 
91= [ 1: 1 . ｅｪｾｺ＠ projid(ll+i ,2j+i-l):cl2,4J 
g2= [ 1: 1 tranid(4-4i,2i-2):91 
and 82= conex( g2): F 1, 
where B2 represents the configuration and F1 is as giveh above. 
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I 1 
Fig. 5.4. 2 
In an analogous manner, the configurations shown in figs.5.4.3 to 5.4.8 
are represented by formices Bs to Be, which · are obtained by giving 
different ingots for gi (in B1=lux(gi):F1, i=3,8) as follows: 
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Ｙｳｾ＠ {[1,1J,[l,?J,[1,7J,[l,llJ,[2,6J,[4,6J,[7,9J,[7,11J,[9,1J 
[9,3],[1Q,2],[11,1J,[l3,7J,[l5,7J,[l7,1J,[l7,7J,[17,11J}, 
94 : {[1,1J,[1,3J,[l,5J,[l,7J,[l,llJ,[2,2J,[2,4J,[2,6J,[3,1J, 
[3,11J,[5,1J,[5,11J,[7,1J,[9,11J,[l0,10J,[ll,lJ,[ll,11J, 
[12,2J,[12,10J,[l3,1J,[l3,9J,[l3,11J,[l4,10J,[l5,9],[15,11J, 
[16,10J,[17,1J,[17,3J,[l7,9J,[17,11J}, 
g:s;:: [i:l [j:l . projid(4+4j-2i,4i):C6,4J. 
1. "d(6 6)1E 5 Ell-2i .. d(" 2" ·)1[7 lJ 96= 1n1 , 'i=3 j=l prOJ1 J+ 1 ,J 1 , , 
1 "d(96) 1 E 3 E7- 21 ··d(. · 2"+4)'·c, 7J g7= am1 , 1 i=l j=l prOJ 1 J ,J+ 1 ｾ＠ , , 
1 g·a= [ 1_0 ｴｲ｡ｮｩ､ＨＶｩＬＭＲｩＩＺｬｵｸＨ･ＲＩＺ･ｾＬ Ｎ＠
where e1= [ 1: 3 Ej:3 projid{2i+l ,2j+l >: c1 ,7] 
and e2= ci:4 cj:3 projid(2i+l,2j+l):[9,7]. 
Finally, formex ｂＹｾ＠ representing the configuration of fig.5.4.9, is 
gi.ven as 
B9= 1 ux(g,): conex(g 10 ) : F 1 
where g 9 = [ i! 0 veri d ( 9 , 6 )2 1, :{ [ 1 , 1 J , t 1 , 11 J , [ 4 , 6 J , [ 5 , 5 J , [7,5],[7,11],[8,10],[9,11]} 
and ·9 1o= [ 1: 0 veri d(9 ,6) Zi·: {[4 ,8], [5, 7] ,[7, 7J, [7 ,9], [8 ,6], [8 ,8]}. 
_______________ __:_____;__ ___ ----- ｾＭＭ ---
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The use of cordations is not limited to the type of processing 
illustrated above. As a further example, consider the case where two 
configurations are to be combined in such a way that the elements that 
are removed from one of them are substituted by elements of the other. 
In this instance, cordations are used to make a 'hole' in a configuration 
and 'patch, it with another. A three-step procedure is suggested below: 
(1) Formulation of an ingot g that is used to define a region 
common to both configurations. 
(2) Elimination of the cantles of one configuration that are 
included in the common region through cordations. 
(3} Replacement of ｴｨｾ＠ eliminated cantles by cantles of the 
other ｣ｯｮｦｩｧｵｲ｡ｴｩｯｾ＠ that are included in the common region, 
also through cordations. 
The graphical example of fig. 5.4.10 illustratesthe case. 
L:...._ ______________ __:_ ____________ c - - ·--- ｾＭＭＭ
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The particular combination of cordations depends on the configurations 
involved and on other variable aspects, such as the matching of elements 
at the 'seam' or boundary signets of the 'patch' or common region 
defined by ;·ngot g. 
5.5 COORDINATE SYSTEMS 
It was shown previously that a formex may be plotted in different ways 
by using various coordinate systems. In particular, intrinsic 
retrobases were defined in terms of the coordinate specifications 
X= Ii or jx= Ii l_y= lj 
relative to a one or two or three dimensional Cartesian coordinate 
system, respectively, where i ·' j and k are different from each other, 
greater or equal to one and less than or equal to the grade of a formex 
to be plottedo 
Polar type coordinate systems may be used in a similar manner to deal 
with radial-type configurations or to obtain. radial-type effects when 
plotting a formex. In this .case, the terms 'polar intrinsic' and 
'polar pertrinsic' (plots and retrobases) may be used by analogy to 
mean that a coordinate has a direct and ｩｮ､ｩｶｩ､ｵ｡ｾ＠ correspondence with 
an index in a signet. As far as a radial coordinate is concerned, the 
index chosen to represent this linear displacement simply indicates 
ｴｨ･ｾｳｴ｡ｮ｣･＠ from the origin. However, a simple convention is adopted. 
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here to relate an angular coordinate to an index. The 360° (27T radia.ns) 
of a whole revolution are divided into a number m of sectors. Thus, 
27T/m or 360•/m gives a ｾ｢｡ｳｩ｣Ｇ＠ angular displacement in an 'm-sector' 
polar type coordinate system. Any angular coordinate is then given by a 
factor 11 in I4n/m, where I is an index in a signet. 
For instance, in a second grade formex, every first index .1 1 of every 
signet may be interpreted as a radial coordinate r and every second 
index 12 may be interpreted as the factor of a basic angular 
displacement ･ｾ］ＲＷｔＯｭＬ＠ or viceversa. As a convention, 11 and 12 are 
used to label · their corresponding directions in a plot. In addition, 
it may be convened that ｴｨｾ＠ origin of the system is to be a horizontal 
axis pointing to the right, with the left end as the centre of rotation 
and the positive sense of an angular displacement is to be counterclock-
wise. 
If a three-grade formex is used·, every third index 19 of every signet 
may be used to specify a third coordinate. It may be interpreted 
either as a ｰ･ｲｰ･ｮ､ｩ｣ｵｬ｡ｾ＠ displacement from a polar two dimensional 
system (that is, a cylindrical coordinate system), or as a second angwar 
coordinate contained in a plane of rotation that is perpendicular to a 
polar two dimensional system {that is, a spherical coordinate system). 
Thus, the cylindrical and the spherical coordinate systems may be used 
to produce 'cylindrical intrinsic' and ｾｳｰｨ･ｲｩ｣｡ｬ＠ intrinsic' plots 
and retrobaseso Fig.5.5.1 summarises the basic features of the three 
radial type coordinate systems described, whereas figs.5.5.2 to 5.5.4 
display the configuration introduced in fig.5.1.1, which in this case 
is plotted by using .various polar coordinate systems. 
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a) An m-sector polar coordinate system (m= 12). 
b) An m-sector. cylindrical coordinate system. 
c) An m-n-sector spherical coordinate system. 
Fig. 5. 5. 1 
{
r=I, ｾ＠ \ 
e=I221T/m 0 
or 
12.360°/m 
[11,12,IsJ 
r=I, J l 
e= I.· 21r/m ｾ＠
y= I a ·21r/n 
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F1 plotted in various m-sector polar coordinate systems 
lm=7 
·m=3 
Fig. 5.5 .4 
It should be borne in mind that whenever a configuration is represented 
in terms of an interconnection pattern, the ultimate geometric 
particulars of the configuration may be treated independently. 
Furthermore, if an interconnection pattern is plotted according to 
conventions envisaged to produce an intrinsic type plot, then the chosen 
coordinate system is only a means of arranging the interconnection 
pattern in a graphical form that should ease the transformation between 
configuration and formices (in either sense). In vie·w of this, the 
configurations shown in figs.5.1.1 and 5.5.2 to 5.5.4 are alternative 
graphical representations of both the above formulated formices F1 to 
ｆｾ＠ and a corresponding interconnection pattern. 
There is one point, however, that figs.5.5.3 .and 5.5.4 bring out and 
that is worth discussing here. There are ｣ｯｮｦｩｧｵｲ｡ｴｩｯｾｳ＠ that appear 
to form 'closed' cycles when they are plotted in polar-type coordinate 
systems. That ist they complete a whole revolution (360°) or more 
around the 9rigin of the coordinate system. As interpreted from the 
plot in fig.5.5.3, .for instance, the ･ｬ･ｭ･ｾｴｳ＠ in the first and second 
sectors share certain points a long the radi us-1. Moreover, these 
elements seem to be connected. However, on examining previous plots of 
the same formex, e.g. those in figs.5.5.2 and 5.1.1, it becomes evident 
that these connections are only an illusion and the common points along 
the radius-1 are merely 'superimp'osed' in fig.5.5.3. 
Also, considering one of the formulations for this configuration, e.g. 
F 1 , that is, 
ｅｩｾｏ＠ cj:O tranid{2i,2j):rosid(2,2):c1,1; 2,2], 
the elements in sector 1-2 belon.g to the first position of a multiple 
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translation alo.ng I,u that is, 
whereas the elements in sector 0-1 belong to the last translation of 
the series, that is, 
Therefore, the elements of the first translation along 1
1 
are not 
connected to the elements of the last translation. In other words, the 
elements in sector 1-2 are not connected to the elements in sector 
0-1. That is, 
The coincident signets on the 
radius-1 are not equal 
If the elements in question were really connected (as they look in !ig. 
5.3.3), then the plots of figs.5.q.l and 5.5.2 should be modified as 
shown in figs.5.5.5 and 5.5.6, respectively. 
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J 
As a consequence, the formex formulations given for the original 
configuration do not hold for the modified configuration, which should 
be newly formulated. 
ｔ｡ｾｮｧｴｨ･＠ plot of fig.5.5.3 as a basis, a possible formulation is given 
by 
where 
tranid(2i ,2j): [1, 1; 2,2 J 
and 
ｾ Ｎ Ｒ］＠ ｛ｩｾｏ＠ tran(2,2j)!lam(2,2):{[15,l; 16,2], 
[ 16 ' 2 ; 1 ' ,.] } 
E1 represents all the elements of the configuration except those in 
sector ＱＵｾＮ＠
E2 , in turn, represents the missing elements (in sectorls-1) that 
are formulated in such a way that the desired interconnections of 
elements along the radius-1 is obtained. 
L...----------------------------------·----- .. 
146 
The repeated need for processing ｲ｡､ｩ｡ｬｾｴｹｰ･＠ configurations forming closed 
systems suggests an approach of formulation where it is not necessary to 
formulate separately the elements closing the cycle (as in the case of E 
above). In this approach, the whole configuration is first formulated 
as if there were no cycle to be closed. Subsequently, the inter-
connections at the cycle•s closure are obtained by replacing the 
'closing' signets with the coincident ('starting') signets •. The idea is 
expressed graphically as follows: 
7., ｾ＠
The coincident signets at origin-end 
are made equal. The elements closing 
the cycle are thus connected to the 
elements starting the cycle . 
. A procedure with which it is possible to replace one signet in a given 
formex by another signet has been generaliseq and standardised. as a 
function. This function is discussed in the next section. 
5.6 REMODITION fUNCTION 
Consider a formex F and let E be a two-plex formex of order r and 
of the same grade as F. If rpO and if [tl; t2J represents the 
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first cantle of E, then let every s.ignet in F that is equal to t 1 
be replaced by t2 and let the resulti.ng formex be succesively further 
modified by repeating this procedure for all the remaining cantles of 
E (if any), proceeding in the natural order (that is, a cantle bi of 
E is to be considered before the cantle bi*l that follows it). The 
result is a formex that is referred to as the fremodition' of F with 
respect to E. The remodition of the empty formex with respect to any 
two-plex formex is considered to be the empty formex itself9 
Furthermore, the remodition of any formex F with respect to the empty 
formex is considered to be the formex F itself. 
The rule through which the remodition of a formex with respect to a 
formex E is obtained is symbolised in terms of a function. This 
function is denoted by ·rem(E) and is referred to as a 'remodition' 
function. If F' is the remodition of F with respect to E, then 
the relationship between F and F1 is written as 
F1 = rem(E): F 
For example, if 
ｇｾ＠ {[1,2; 3,4; 5,6J,(3,4J,[5,6; 7,8]} 
and ｈｾ＠ {[3,4; 0,0],[2,2; 5,6],[7,8; 4,1],[4,1; 9,9],[5,6; 5,6]}, 
then the remodition of G with respect to H is given by 
ｲ･ｭｻｈｽＺｇｾ＠ {[1,2; 0,0; 5,6],[0,0],[5,6; 9,9]}. 
Note that the second and the last cantles of H do not affect the result, 
since the formex has a first s_ignet that is not contained in G and the 
latter replaces a signet [5,6] by itself. Also, note that the 
replacement of the third and fourth cantles of H by [7,8; 9,9] would 
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give rise to the same result for the remodition of G. 
A remodition function, in general, has no inverse. 
Having dealt with the formal definition of the remodition function, it is 
possible now to use it in the pending formulation for the configuration 
of ｦｩｧＮＵＮＵｾＳ＠ seen as a closed system completing a revolution at the 
radius-1. 
If F1, given above, is a formex representing the configuration, 
excluding the ｩｮｴ･ｲ｣ｯｮｮ･｣ｴｾｯｮｳ＠ closing the cycle at radius-1, then 
these interconnections are obtained in 
Es= rem(H): F 1, 
where H= [j:O tran(2.,2j}:Cl7,1-; l,lJ. 
Es is a formex capable of representing the plots of figs.5.5.5 and 
5.5.6 as well. 
The application of the remodition function is not restricted to rclose' 
ｲ｡､ｩ｡ｬＭｾｹｰ･＠ configurations, but may be freely used to modify a given 
formex, as the following instances illustrate. 
If the formex F1, given in section 5.2, is used to represent the 
configuration of fig.5.1.1, then 
G1= rem(H 1): F 1, 
where H1 · {[4,6; 4,7],[5,7; 6,7],[6,6; 6,5],[5,5; 4,5]} 
may be graphically represented as shown in fig.5.6.1 
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Similarly, the configurations displayed in figs. 5.6.2 to 5.6.11 are 
obtained by using a different two-plex formex H1 in G1= rem(Hi), i= 
2, 11, with respect to which F1 is modified each time. 
The corresponding two-plex formices Ha to H11 are given below. 
8 
Hz1=[i=O tran(l,2i):[l,5; 1,4] .. See fig. 5.6.2 
ｈｳ］｛ Ｑ ｾ Ｐ＠ tran(1,2i):[2,10; 2,12] # 
｛ｪｾｏ＠ tran(2,2j):[17,1; 19,1] .. See fig .. 5.6.3 
tranid(2j+i,2k+i):c9,7; 13,10]. See 
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fig. 5. 6.5. 
. E. · 1 E. 4-i Ez-i 1 H.s= - - trani d{2J"+i+4,2k+i+4) 1 {[1 ,1·, -3,-3], i=O j=O k=O 
[ 1 ' 7 ; -1 ' 1 3.] } . # 
E 1 E3-i E2-i i=O j=O k=O tranid(2j+i+4,2k+i+4): {[11, 1; 18,-1 J, 
[11 '7; 15 '12. ]} • 
See fi g. 5 • 6 • 6 Q 
H7= ci:o ｣ｪＺｾ＠ [j+i ,j-i-2; 12, 14] 
or ·the equivalent 
ｈｾ］＠ ci:l Ej::5 tranid(12,14):di1id(j+i,j-i-2):tranid(-12,-14): 
[13, 15; 12, 14]. 
See fi g .. 5. 6 • 7 .-
. 7 
Ha= [i=l {[2i ,8; 8,8J,[2i+2,4; 10,4]} 
or the equivalent 
ｈｾ］＠ ｛ Ｑ ｾ｟ Ｓ＠ di1t(l,2i,8):tran(l,-8):c9,B; 8,8] # 
dilt(l,2i,lO):tran(1,-l0):[11,4; 10,4]. See fig. 5.6.8a 
Hg= [i:O 2 Ej=i 
4 . 
Ek=l+j [2k-j+l,-1i(j+5); 6,4] # 
ci:a 8 Ej=S 5 Ek=4 [2j+i+l,2k-i+l; 17,11Jo See fig. 50 6 .9. 
i 
Hlo=: [i=O 4 Ej=O tranid(2i,2j):C2,2; 3,1J. See fig. 5 • 6 • 1 0. 
8 
Hu= [i=l 5 Ej=l dilid(2i,2j):E1,l;·O,OJo See fig. 5a6o11o 
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It should be noted that, unlike the formices G1 to G6, the formices 
G7 to G11 need further processi.ng in order to dispose of certain 
unwanted elements that are generated through the remodition function. 
For instance, there are certain elements that are apparently missing in 
the plot of figo 5.6.7. For the corresponding formex (G7), however, the 
fact is that every cantle in F1 whose two signets are replaced by 
[12, 14J is transformed into [12, 14; 12, 14J, which is 6clustered' 
with all its equals at the p9int (I 1= 12, !2= 14) on the plot. A 
formex in which all the cantles consisting of two ｳｩｧｮ･ｴｳﾷｾｱｵ｡ｬ＠ to 
Cl2,14J are discarded with is given by 
G ｾ］＠ con ex ( [ 12,14 J) : G 7 • 
. In the plot of fig. 5.6.8, in turn, there are certain elements that seem 
to be omitted. In this case, ｳｯｭｾ＠ cantles having an equal signet and 
· any other signet .which is transformed into a third (equal} one, are 
transfonned into .. equal cantles. Thus, one line-element in the plot 
is represented redundantly in the formex Ga. The case is further 
illustrated as follows: 
2-plex 
formex 
for rem 
In Ga ﾷｾ＠ｯｾ•＠
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Consequently, a formex in which the redundant elements are disposed of 
is given by 
In a similar manner, the formices ｇｾ＠ to Gi1, given below, correspond 
to the formices G9 to G11, after the 'pruning' process. 
where ｈｾｯ］＠ ｛ Ｑ ｾ Ｐ＠ ｛ｪｾｏ＠ conex(eij):tranid(2i,2j):[2,2; 3,1] 
and eij= proji d(2i+3 ,2j+i): [3, 1 J. 
Finally, 
The formulations given in this chapter serve to illustrate different 
forms of configuration processing but do not necessarily represent tbe 
'best' derivations for the required formices. In fact, the use of such 
words as 'best' and 'optimum' referring to a formex formulation is 
meaningful only if a point of view is ｳｰ･｣ｩｦｩｾ､＠ so that a particular 
formulation may be chosen in Ｎ ｰｲ･ｦｾｲ･ｮ｣ｾ＠ to any other. In a practical 
context, aspects such as 'convenience for the human formulator', 
'computational efficiency' and 'conciseness of formulation' may serve 
as criteria for comparison and se.lection of formulation. 
In considering various ways of obtaining a solution for a formex 
problem, there is, firstly, the possibility of deriving a uniquely 
specified formex in different ways; but in addition, there is the 
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possibility of more than one solution. In general, given a problem 
whose solution is of the nature of a fonnex, there exists a set of 
formices in which every one satisfies the requirements of the problem. 
This set is referred to as the 'solution . set' of the problem. A 
solution set may be 'empty', have a single element or more than one, 
with either finite or infinite number of elements. For instance, 
referring to any of the configurations introduced here, if all the 
formices that are capable of representing the interconnection pattern 
of the configuration are assumed to form the elements of a set n , then 
if F is an element of n , so will be every variant of every sequation 
of F. Also, since ｴｨｾ＠ choice ｾｦ＠ the relative positions of the 
coordinate .system is ｡ｲ｢ｩｴｾ｡ｲｹＬ＠ then every translation of F that 
involves the first and/or the second directions is a element of n and 
so is every vertition of F that involves the first and the second 
directions and so on. 
5.7 PROBASES 
In the preceding sections, fonnex representations of the configuration 
introduced through fig. 5.1.1 were achieved following a number of 
conventions. For instance, the plot of fig. 5.1.1 itself is used as a 
graphical basis to establish a correspondence between a certain type of 
configuration and formices. Namely, the graphical arrangement is said to 
be capable of representing both an interconnection pattern and a formex 
plot. Also, the convention .As adopted that the interconnection pattern 
is to be represented by second grade formices, in which each two-plex 
cantle relates to a two-ended interconnecting element. In turn, each 
ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＭＭＭＭＭＭＭＭｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ ＭＭＭＭＭ -
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signet corresponds to one end of an element, whereas indices are 
interpreted as coordinates. In addition, it was shown that coordinate 
systems may be used as means for arranging configurations in graphical 
forms where it is possible to obtain the required correspondence between 
coordinates and indiceso 
The above conventions, however, do not hold universallya For instance, 
there may be cases where the same type of configuration is more 
appropriately specified ｷｩｴｾ＠ respect to a three dimensional coordinate 
system. In this case, a formex of the third grade will perhaps be a 
more suitable representation. Moreover, it may be that certain indices 
and/or signets are not interpreted as coordinates and points, but are 
used to relate other type of information to the elements of a formexo 
Thus, two-ended elements that are specified with respect· ｴｾ＠ a two 
dimensional coordinate system may ' be represented by cantles whose 
plexitude and grade are greater than two. Also, if certain sub-assemblies 
of the elements had to be regarded as the components of the system, then 
it would have been more appropriate to constitute the formex in such a 
way that each cantle referred to one of the sub-assemblies. 
Considerations of the type discussed above, in relation to a problem or 
class of problems give rise to a set of rules through which a 
configuration may be transformed into a fonmex. Such set of rules is 
referred to as a Ｇｰｲｯ｢｡ｳｩｳＧｾ＠ The details that need to be included in 
a probasis vary from case to case. Depending on the type of problem, 
either a few simple conventions or a long list of specifications have to 
be provided. 
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6 ASSOCIATION OF GEOMETRIC INFORMATION 
6,1 INTRODUCTION 
The ｭ･ｴｲｩｾ＠ properties of configurations are not directly reflected in 
the formices that represent themo It has been shown, however, that the 
geometric particulars of a configuration may be related to its formex 
representation through a retrobasis. Thus, .it is possible to use a 
forrnex together with ·some ｳｵｰｰｬ･ｾｲ･ｮｴ｡ｲｹ＠ specifications to generete 
geometric information. 
This idea is further developed by using the configuration of fig. _6.1.1 
and a formex representing it together with various sets of retrobases 
that generate different geometric shapes. The purpose is to illustrate 
the diversity of ｧ･ｯｾｴｲｩ｣＠ configurations that may be obtained from one 
or very; few formic'es representing a basic interconnection pattern. 
One possible representation for the configuration of fig. 6.1.1 is 
given by the formex F1 , which is obtained as follows: 
E = E 12 E 8 1 i=Oj=O tranid{2i,2j):rosid(l,l):co,o; l,lJ, 
G1= rec: [i:O ｛ｾｾｏ＠ [k:O projid(k+j+6i, 10+k-j+2i): [0,0], 
G2= ci:O cj:O ｅｫｾｏ＠ projid(k+j+6i+l,l0+k-j+2i):co,o], 
___________________________ _;_______:_:_ ______ --
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finally, 
Ft= ｅｾ＠ # E2. 
-
10 20 
6.2 EXAMPLES 
The ｾ･ｮ･ｲ｡ｬ＠ case of relating geometric information to a formex may be 
expressed in terms of the correspondence that may be established between 
the indices in a signet and·the coordinates of a point. Retrobases 
constitute means through which this correspondence may be established 
and, in particular, 'coordinate specifications' may be given in such a 
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way that the coordinates of a point whose s_i gnet is 
are functions of the indices. Thus, the coordinates (x) or (x,y) or 
(x,y,z) of a point in a 1- or 2- or 3-dimensional coordinate system, 
respectively, may be given as 
or 
x= f1(I 1,I2,. •• ,In) 
y= f 2 (I 1, I 2,. •• , In) 
z= f s (I 1, I 2, ••• , In) 
where f1,f2 and fs represent rules (functions) through which signets 
may be transformed into geometric points. 
The simplest example for this general case is given when the actual 
geometric shape of a system is obtained by a simple scaling of a formex 
plot representing that system. In this case, the Cartesian coordinates 
of a point whose signet is 
are of the form 
t= a.I 1 Y=al2 z= ais 
with respect to a 3-dimensional coordinate system, where the function 
a. is a constant scale factor given in terms of a suitable length unit. 
As a numerical ･ｸ｡ｭｰｬ･ｾ＠ Coordinate Specifications-1 serve to define 
geometrically the interconnection pattern plotted in fig. 6.1 .1 as a 
1.75 times scaling of the formex plot. 
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Coordinate Specifications-1 
The coordinates of every point whose signet is [Il,I2J, are defined 
geometrically by the following rules 
The metric information shown in fig. 6.2.1 results from re.lating these 
rules to the above given formex F1. 
Fig. 6. 2.1 
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Another simple situation is given when the actual shape of a system is 
obtained by the scaling of a related formex plot, but the scale factors 
are different for different directionse Thus, the Cartesian coordinates 
of a point whose signet is 
are given as 
I; ＺｾＺ＠
"G AI, 
where a, a and A are suitable scale factors. 
Coordinate Specifications-2, related to the formex F1 that represents 
the configuration of fig. 6.1.1 illustrate the situation. 
Coordinate Specifications-2 
The coordinates of every point whose signet is [1 1 ,1 2 ] are defined 
geometrically by the following rules 
The resulting configuration is di.splayed in fig. 6.2.2. 
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18/1.3 
-t----t-
10.2 
X 
Fig. 6.2. 2 
It should be ｣ｬｾ｡ｲ＠ that transformation rules are not restricted to 
scaling only, but may be given according to conditions of different 
sorts. For instance, a network generated by the intersections between 
families of lines may serve to determine a r.equired geometric shape 
and the intersections, in turn, may be ･ｸｰｲ･ｾｳ･､＠ in terms of the 
indices in the corresponding ｳｩｧｾ･ｴｳＮ ﾷ＠ Thus, for Coordinate 
Specifications-3, a point whose signet is [I1,I2J is situated at the 
intersection of the lines 
and 
.Y=[-36x/(Il+l )J+ 36 
.Y=E{I2+l)x/l8J + I2 
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This implies that the Cartesian coordinates of the intersections are 
{
X= 18(1 1 +1) (36-'Ia)/[(I 1+l) (Ia+2)+648J 
y={(Il+l)(Ia+l)(36-I2)/[(1 1 +1)(1 2 +1)+648J} + 12 
These rules, related to the formex F1 that represents the plot of 
fig. 6.1.1, yield the configuration shown in fig. 6.2.3. 
(0,36) 
· (-18,-1) 
Fig. 6. 2 .. 3 
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X 
Coordinate Specifications 4 to 9 related to the above given formex 
F1 serve as further illustration of various transformation rules. Here, 
the coordinates of a point whose signet is CI1,I2J are given in general 
as 
with respect to a Cartesian coordinate system. 
Coordinate Specifications-4-
x= !1 
y= 12 
[ r2 - ( I 1-h) 2 - ( I 2.- j ) 2 J! + k i f [ r 2 - ( I 1-h) 2 - ( I 2- j ) 2 J ;a:O • 0 
or 
0.0 if [r 2 -(I1-h) 2 -(I:z-j) 2 J<O.O 
The parameters (h,j,k) correspond to the coordinates of a sphere's 
centre with respect to the ｸｾｹ＠ and z axes, respectively, and r to 
the ｲｾ､ｩｵｳ＠ of the sphere. Here, a geometric shape is obtained from 
the formex F1 by 'projecting' the configuration's pertrinsic plot 
onto a spherical surface, as it is graphically sketched below. 
z geometric shape 
formex 
r Centre(h,j,k) 
Figs. 6.2.4a to 6.2.4h show some examples for various values of {h,j,k) 
and r. 
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Fig. 6.2.4a).- Sphere•s centre (h,j,k)= (13,9,-15) and radius r= 15 
' 
· y 
Fig. 6.2o4b}.- Sphere's centre {h,j,k.)= (13,9,-13) and radius r= 15 
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Fig. 6.2.4c).- Sphere's centre (h,j,k)= (13,9,-11) and radius r= 15 
Fig. 6.2.4d).- Sphere's centre (h,j,k)= (13,9,-9) and radius r= 15 
172 
Figv 6.2.4e) 0- Sphere• s centre (h,j ,k)= (13,9,-5) and radius r= 15 
y 
Figv 6.2e4f).- Sphere's centre (h,j,k)= (13,9,-2) and radius r= 15 
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Coordinate Specifications-5 
X= h+:\{1 1-h) 
y= j+:\(12-j) 
z= k+:\{ -k) 
or 
if k=F 0.0 
1 
x=±cr2- ( !2 -j) 2J 2 +h 
y=±cr2-{I1 -h} 2Ji +j if k= o.o 
z= 0.0 
The parameters (h,j,k) and r correspond to the centre's coordinates 
and the radius of a sphere, respectively. A.geometric shape is obtained 
here also by' projecting' the pertrinsic plot of the formex .. F1 - onto a 
spherical surface. The sketch below illustrates the case,where, also, 
the difference from the ._previous set of coordinate specifications may be 
appreciated. 
z . 
formex 
Figs. 6.2.5a and 6.2.5b illustrate cases for particular values of (h,j,k) 
and rc 
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Ｍ ｾ＠
y 
Fig. 6.2.5a).- Sphere•s centre (h,j,k.)= (13,9,-2.5) and radius r=l0.5 
Fig. 6. 2. 5b) D- Sphere • s centre (h ,j ,k) = (13,9 ,-9) and radius r= 18 
Coordinate Specifications-6 
Here, a is a scale factor and m and n are scalars indicating the 
subdivision of a circle's 360°(2w radians) in order to obtain a 'basic' 
angle for the function sineo The diagram below is intended to 
. . 
illustrate the basis for the generation of a 'family' of geometric 
shapes on this set of coordinate specifications, as well as the 
relationship between the parameters a ,m and ne 
20 
10 
n=20 
z 
function 
sine 
m=lO 
Figs. 6.2.6a to 6o2.6d display some examples for particular values of 
a, m and n, related to the above given formex F1 o 
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Fig.. 6. 2. 6a) • - a= 1 • 75 m= 26 n = 18 
Fig .. 6.2 .. 6b).- a=l.75 m=26 n=9 
Fig. 6.2.6c).- a=l.75 m=l3 n=9 
Fig. 6.2.6d).- a=l.75 m=10 n=lO 
Coordinate Specifications-? 
x= !1 
y= 12 
Zi= ＨｉｾＭｨＩ Ｒ ＯＴｰＱ＠
or 
(I2-k) 2/4p2 
or 
if i= 1 
if i= 2 
[(I 1 -h) 2 /4p 1 J+[(I2-k) 2 /4p 2J if i= 3 
Here, i= 1 or 2 or 3 indicates an option, whereas h and k represent 
the distances ofthe symmetry lines of parabolas from the origin, along 
the axes · x andy , respectively. P1 and p2 , in turn, are the 
parameters for the'basic' parabolas (shown below), that are used to 
generate a 'famiJy' of geometric shapes. 
' 
' \ 
\ 
\ 
\. 
I 
Figs. 6.2.7a to 6.2.7d illustrate some examples for particular values of 
i, h, k, P1 and P2s related to the above given formex F1. 
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Figo 6.2.7c).- i=3 h=l3 Pt=-5 k=9 p2=-2 
Fig. 6.2.7d).- i=3 h=l3 P1=8.6 k=9 P2=-l· 
Coordinate Specifications-a 
x= I1 
y= 12 
Zi= a cosh[(lt-j)/aJ if i= 1 
or 
b cosh [ ( I 2-k) /b J i f i = 2 
or 
{a cosh[(I 1-j)/aJ} + {b cosh[(I2-k)/bJ} if i= 3 
Here, i = 1 or 2 or 3 indicates an option, whereas j and k represent 
the distances of 'basic' catenaries along the x andy axes, 
respectively. a and b , in turn, correspond to the catenaries 
parameters, with respect to the x andy directions, as indicated 
in the diagram below. 
-b 
+b 
' 
' \ \ 
\ 
z 
+a 
-a 
Figso 6.2.8a and 6.2o8b provide two examples for particular values of 
i, j, k, a and b, associated to the above given formex F1. 
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Coordinate Specifications-9 
Here, a, b, c and d correspond to the parameters indicated in the 
following diagram. 
note: b and d are generally given 
equal t6 the. number of intrinsic 
units that the configuration's 
intrinsic plot has along I1 and 
!2, respectively. 
Figs. 6.2.9a to 6.2.9d illustrate the case for particular values of 
a, b, c and d, related to the above given formex F1. 
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Fig. 6.2.9a).- a=lB b=26 c=l8 d=l8. View from point(26,-40,0) 
Fig. 6.2.9b).- a=l8 b=26 c=l8 d=lB. View from point {-26,-40,11) 
186 
Fig. 6.2.9c).- a=lO b=26 c=lO d=l8. View from point (35,-4,0)G 
Fig. 6.2.9d).- a=5 b=26 c=20 d= 18. View from point (35,-4,10). 
_________________________ __.:.__:..___ _ __________ ---
It should be mentioned that the examples in this chapter serve to 
illustrate the mapping of formices into geometric shapes through 
various retrobaseso In doing this, a difference between 'coordinate 
specifications' and (further) 'geometric transformations' on the 
resulting geometric configuration is implicitly made, so that the 
former define a configuration as a geometric shape (in 3-dimensional 
space), whereas the latter ｾ｡ｫ･＠ the resulting geometric information as 
basic material to obtain the plots (different visual aspects on the 
plane) that illustrate each set of coordinate specifications. 
In addition, ｭｾｳｴ＠ of these examples show that the dimension of the 
geometric space containing the layout of a system need not necessarily 
be the same as the grade of the formex that represents it. Thus, with 
the exception of Coordinate Specifications-1,2,3 and 10, all the 
geometric . confi gurati on.s here are specified with respect to 3-
dimensional coordinate· systems. However, the formex F1 representing 
the common interconnection pattern of these systems is of grade 2. 
There are situations where it is required that coordinate specifications 
are given in terms of -non-Cartesian coordinate systems. The 
｣ｯｮｦｩｾｵｲ｡ｴｩｯｮｳ＠ corresponding to Coordinate Specifications-10 to 14 
illustrate this possibility. · Also, the functions that establish the 
correspondence between the coordinates of a point and the indices in 
a signet are given in terms of the particular ｣ｯｯｲ､ｩｾ｡ｴ･＠ system used 
in each caseo 
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Coordinate Specifications-10 
These rules relate to a 2-dimensional polar coordinate system, where r 
denotes the radial coordinate, a the angular coordinate, A an 
arbitrary initial radius, S a factor and m the number of parts into 
ｷｨｩｾｨ＠ the ＳＶＰｾＨＲｷ＠ ｲ｡､ｩ｡ｾｳＩ＠ of a circle are divided in order to obtain 
a 6 basic' angular coordinate9 As usual, I stands for an index in a 
signet and the subscripts i and j denote different directions. 
Moreover·, if these coordinate . specifications are related to the fonnex 
F1 representing the interconnection pattern of fig. 6.1.1, then 
i= 1 or 2 and j= 1 or 2, where i+j • 
Figs. 6.2.10a to 6.2.10c ｳｾｯｷ＠ instances, related to the ·formex F1, for 
particular values of A, B, i, j and me 
18 r 
Fig. 6.2.10a).- A=9 .f3=1 i=2 j=l m=52 
188 
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189 
Fig. 6.2. lOb).- A= 1.5 ｾ＠ = 0. 75 i= 2 j= 1 m= 26 
Fi g • 6 • 2 • 1 0 c) . - A= 1 a= 1 i = 1 j = 2 m= 18 
coordinate Specifications-11 
This set of coordinate specifications corresponds to a ｳｰｨ･ｲｾ Ｎ ｣｡ｬ＠
coordinate system, where r denotes the radial coordinate and e an 
angular coordinate. These two define a plane polar coordinate sy$tem, 
whereas y is a second angular coordinate given with respect to a 
direction that is normal to the polar system, at the origine I, i, j ·and 
an expression such as 2u/m are interpreted as for previous sets of 
coordinate specificationso 
Figs. 6.2.1l.a to 6.2.11c are examples for particular values of r, i, j, 
m and n , related to the above given formex F1o 
Fig. ＶＮＲＮＱｬ｡ｽＮＭ ｾ ｲ］ＷＮＵ＠ i=l j=2· m=52 n=72o View from ｰｯｩｮｴＨｾｬＰＬＭＱＰＬＱＰＩ＠
190 
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Elevation 
Fig. 6. 2. 11 c) • 
r=4.5 i=2 j=l m=l8 n=52 
View from ｰｯｩｾｴ＠ ( -:-10,0 ｾＰＩ＠
_____ ....._ ____________ ...,;__ ______ _ ,· __
Coordinate Specifications-12 
{
r= a constant 
6= Ii21f/m 
q= alj 
This set of coordinate specifications is related to a cylindrical 
coordinate system, where r denotes the radial coordinate and 6 the 
angular coordinate of a plane polar coordinate system, whereas q stands 
for a linear coordinate that is perpendicular to the plane defined by 
r and 6 • The expression 2n/m yields a'basic' angular coordinate, 
while a is an arbitrary factor. I, i, and j are interpreted as 
established for previous specifications. 
I 
Figso 6.2.12a to 6.2.12c display some instances for particular values 
of r, i, j, m and a, related to the above given formex F1. 
Fig. 6.2.12a).- r=7o5 i=l j=2 m=40 ·a=0.6. View from point(-20,-20,20) 
192 
Fig. 6.2.12b).- r=3 . i=2 j=i m=36 a=0.5 
View from point (-6,6,30) 
Fig. 6. 2. 12c).- _ r=2 i =2 j = 1 m= 18 a=O. 4 
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Coordinate Specifications-13 
This set of coordinate specifications relates to a cylindrical 
coordinate system, as described for the previous set of coordinate 
ｳｰ･｣ｩｦｩ｣｡ｴｩｯｮｳｾ＠ I, i, j ｾｮ､＠ ＲｾＯｭ＠ retain their usual sense, while 
the· meaning of A, b ｡ｮｾ＠ ＲｾＯｮ＠ is graphically shown as follows: 
q 
note: A is a basic radial 
directrix 
b is ｾｨ･＠ radius of the 
circle which is used 
· as a surface generatrix 
Figs. 6.2.13a and 6.2.13b provide examples of geometric shapes 
obtained by relating this set of coordinate specifications to the 
above given formex F1 9 for particular values of i, j, m, n, A and b. 
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Fig. 6.2.13a).- .A=11 b=6 1=2 j=l ｭｾｬｯＴ＠ n=36 
Figo 6.2.13b) .- A=4.5 b=l.5 ·i=2 j=l m=26 ·n=l8 
------------------------------------···-
Coordinate Specifications-14 
This set of coordinate specifications relates to a cylindrical coordinate 
system, as described for Coordinate Specifications-12. I, i, j and 
2ff/m retain their usual sense, while A is a constant initial radial 
coordinate that adds to r. a and B, in turn, are arbitrary factors. 
Figs. 6.2.14a to 6.2.14c provide examples ｯｾ＠ geometric shapes obtained 
by relating these specifications to the fonnex ｆ Ｑ ｾ＠ for particular values 
of · A, i, j, m, a and e. 
Plan View r 
View from point (-25,50,50) 
ｾｩｧＮ＠ 6.2. 14a) .- A=4 i=l j=2 m=72 a=l B=l · 
________________ _..:...._ ___ :....__,__ _ _:__ ______ _ 
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Elevation 
Plan View 
Fig. 6.2.14b).- A=-13 .i=l _j=2 .m=36 a=l a=l. View from point(l0,-10,0) 
F-ig. 6.2.14c).- A=5 i=2 j=l ·m=l3 a=0.4 .a=0.5. View from {30,30,30) 
. . ····- . .. ··------------------; 
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7 FORMEX FORMULATION OF BRACED DOMES 
7.1 INTRODUCTION 
The purpose of this Chapter is to explore some of the ways in which 
the concepts of formex algebra may be combined in representing the 
topological and geometric properties of structural configurations. 
To this end, a family of structural forms known as braced domes is 
used as a medium to illustrate the ideas. 
Throughout the present work, configurations have been regarded as 
collections of any · kind of entities. Accordingly, structural 
configurations constitute a particular kind of configuration where 
the interrelations between the components ｡ｾ･＠ a fundamental aspect 
of a whole system. 
Relational and topological entities, such as graphs representing 
relations, interconnection patterns and object ｰｯｳｩｴｩｾｮｩｮｧ＠ layouts, 
play a basic role in describing or representing a structural 
confi gur ｡ｴｾｯｮ＠ a 
Geometric entities, such as lengths, angles and coordinate ｳｹｳｴ･ｾＬ＠
may be related to a basically relational or topological description 
in order to complement the representation with a metric and 
consequently more specific qualitya 
In various practical contexts, e·. g. computerised structural analysis, 
the topological properties of a structural configuration are given 
in terms of interconnection patterns and the geometric properties in 
the form of coordinates of points in the configuration with respect 
to a coordinate system. 
-------------------------------------------
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It has been shown already that formices may be used to represent 
interconnection patternse Also, it has been shown that in order to 
represent a configuration through formices, it is necessary to adopt 
a set of rules, known as probasis, in terms of whiCh the corresponqences 
or transformations may be specified. Geometric particulars, in turn, 
may be related to a formex representation through the rules and 
conventions of a retrobasis. 
These ideas are combined in this Chapter to represent the 
interconnection patterns and geometric properties of a number 
of braced domes. The treated configurations are organised in 
four Sections. This grouping is for convenience rather than being 
fundamental and it is the result of the particular way in which 
each ｧｾｯｵｰ＠ of configurations is dealt with to obtain ｧ･ｯｭ･ｴｲｩ｣ Ｎ ｳｨ｡ｰｾｳ＠
with certain symmetric properties. 
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7.2. SPHERICAL CONFIGURATIONS WITH SIMPLE 
. .. 
RoTATIONAL SYMMETRY 
The configurations treated in this -Section are generated by the 
rotation of radially symmetric components with respect to a fixed 
point -or axis. 
Formices are used to represent the ｩｮｴ･ｾ｣ｯｮｮ･｣ｴｩｯｮ＠ patterns of these 
. . 
configurations and spherical geometric shapes are sUbsequently defined 
. . by .relating a set of coordinate specificatlons to the formices repre-
senting the configurations. 
A total of nineteen domes are dealt with ·in the Section and the 
. manner in ｷｨｩ｣ｾ＠ they ｾ･＠ processed is exemplified in terms of one 
of them. 
DoME 1 (Figs .7. 2 .• 1. to. -?. 2. 4} 
Consider the graphical ｡ｲｲｾｧ･ｭ･ｮｴ＠ of Fig.7.2.l and let it be inter-
preted as an interconne_cition ｰ｡ｴｴｾｲｮ＠ and as. an intrinsic plot of a 
· formex, ｳｩｩｩｩｬｬｴ｡ｮｾｯｵｳｬｹＮ＠
This interconnection pattern is reproduced in a polar coordinate 
system, as shown in Fig. 7 • 2 .• 2 
The coordinate specifications for this polar plot with ｲｾｳｰ･｣ｴ＠ to·· 
a signet [I1,I2J are 
where r and e correspond to the radial and angular coordinates, 
respectively, and where the entity h is the number of sectors into 
whiCh 2n ｾ｡､ｩ｡ｮｳ＠ are divided ·in order to obtain a 'basic' angular 
increment. 
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I2 
7 
4 
1 
1 4 7 . 10 13 16 
I 1 
Fig. 7.2.1. Dome 1, intrinsic plot 
. ... 
Fig.7.2.2 Dome 1, ·polar plot 
A formex formulation is ｯ｢ｴｾｩｮ･､＠ with respect to the intrinsic plot 
of Fig. 7.2.1 (which would also be the formex formulation representing 
the polar plot of Fig.7.2 .2 One way of obtaining this formulation 
is .as follows: 
where 
representing the elements ｡ｾｯｮｧ＠ direction I1, 
representing the elements -along direction !2, 
and where 
b 1 =[ 0 '0 ; 1 J 0] ' 
d1 =[0 ,0;_ 0,1] 
and where 
m=16 and n=8. · 
Interconnection patterns may be normally formulated in a variety. of 
ways. For ｩｮｳｴｾ｣･Ｌ＠ ｦｯｲｭｩ｣ｾｳ＠ D12, D1s and ｄ Ｑ ｾ＠ that are formulated 
below are also representing the .Plots of Figs.7.2.1 and 7.2.2 and 
may be used instead of D11 • 
_______________________ __.:... _________________ -----
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_\'___}__ rm-l+itn-i • • • y • iY ｄ ＱＲ Ｍｾ＠ j=O k=O ｴｲ｡ｮｾ､ＨｊＬｫＩＬｶ･ｲｾ､ＨｏＬｏＩ＠ ,b 1 
where b 1 , m and n are as given above. The previous formulations 
for F1 and H1 are combined here in a single expression. The variable 
i adjusts the libras upper limits and turns b1 into d1• 
D ' \"!ld ln -1 • d ( . • ) 'F 1s=arec,cr;o J 0 tran1 1,J , s 
and where b1,m and n are as given above. 
Fs consists of four cantles corresponding to the square mesh at the 
origin of the intrinsic plot of Fig. 7 •. 2.1. When F3 is translated along 
!1 and I2, however, ｡ｬｾ＠ the inner' elements of the configuration are over 
generated. The superfluous entities are disposed of through ·the use of 
the absolute recision ｦｵｮ｣ｾｩｯｮＮ＠
where m=l6 and n=S. 
This type of formulation employs no functional procedure other ｴｨｾ＠
formex ｣ｯｭｰｯｳｩｴｩｯｾＮ＠ Here,the desired transformations are achieved 
by giving the indices in the generant a variable expression. This 
approach to formulation produces compact expressions that give rise 
to efficient computer routines. However, this type of formulation 
that are referred to as 'primitive formulations' are not easy to write. 
Note that in the particular case under consideration the libra parameters 
m and n in the formulations are equal to _l6 and 8, respectively. 
These ｰ｡ｲ｡ｾｴ･ｲｳ＠ have been given in a variable form in order to show 
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one of the strong points of.formex formulation. Namely, this 
treatment gives rise to general type formulations capable of 
representing different configurations having the same basic inter-
｣ｯｾｮ･｣ｴｩｯｮ＠ pattern by specifying only appropriate values for m and n. 
This flexible approaCh is adopted throughout the examples dealt with 
ｾ･ｲ･Ｌ＠ where basic ｩｮｴ･ｾ｣ｯｮｮ･｣ｴｩｯｮ＠ patterns are represented in terms 
of general formulations whiCh later find applications in similar 
or more complex formulations. 
Once a formex representing the interconnection pattern of ｾｩｧｳＮＷＮＲＮＱ＠
and 7.2.2 is in hand, a geometric shape may be defined in terms 'of 
the coordinates of the ｮｯ､｡ｾ＠ points of the configuration. To this 
end, the coordinates of a· point whose signet is EI1 ,I2J are taken to. 
be of the form 
r=R 
6=I 1 21T/h 
y=I221T /v 
relative to a spherical coordinate system. Here, r and 6 are, 
respectively, the radial and angular coordinates in a plane polar 
subsystem and "t corresponds to ··the second angular coordinate measured 
with respect to the normal line at the origin of the polar sUbsystem, 
as shown in Fig.7.2.3., The entities 21T/h and· 2n/v yield basic 
angular increments. Finally, R is the radius of the sphere. 
Fig. 7.2.4 displays a perspective view of a spherical shape obtained 
through this procedure and this is, in fact,_ the configuration ｦｾｲ＠
Dome lo 
The expressions defining the coordinates for·the _ polar and spherical 
versions of the interconnection pattern of Dome 1 may be generalised 
so that they may be related to the rest of the configurations treated 
here. 
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.:· .. . ... ｾ＠ ' 
normal to the 
polar 
ｳｵ｢ｾｹｳｴ･ｭｾ＠
\) 0 
F.ig. 7.2.3. The Spherical Coordinate System . 
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2 ｾｮＯｨ＠
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Fig. 7.2.4. - Dome 1, spherical ｣ｯｮｾｩｧｵｲ｡ｴｩｯｮＬ＠ perspective view. 
12 
7 
4 
1 
1 4 10 13 16 
I 1 
Fig.7 .2.5. Dome 2, intrinsic plot. 
ｾｵｳＬ＠ the coordinates of a point ｾｾｯｳ･＠ signet is [I1,I2] are taken to be 
of the form 
r=I. 
l. 
6=! .211' /h 
J 
in a polar coordinate system, where i=l , or 2, j=l or 2 and ｩｾｪｾ＠
The use of polar plots here is to visualise the ,transformation of 
interconnection patterns into .configurations with rotational symmetry. 
Similarly, the coordinates of a point with respect to a signet [I1,I2] 
are given as 
r=R 
8=I.21T/h 
1 
y=I .21T /'0 
J 
in a spherical coordinate system, where i=l .or 2, j=l or 2 and ｩｾｪＮ＠
R is usually a ｣ｯｮｳｴｾｴ＠ radius. However, if formices of the third 
. . grade are used, one of the indices in a signet may be related to the 
radial coordinate in the following form 
where k=l or 2 or 3, k,&i and ｫｾｪ＠ and where c is an arbitrary factor. 
ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ ＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾ ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ
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DOME 2 (Figs • 7.2. 5 to 7 • 2. 7) 
Dome 2 may be seen to have the same interconnection pattern as Dome 
1. The only difference is that it is displaced from the origin of the 
coordinate systemo Consequently, Dome 2 may be obtained from any of 
the basic formices D11, D12, D1s and ｮｾｾ＠ representing the inter-
connection pattern of Dome 1 by subjecting it to appropriate translations. 
For instance, 
is an ｡｣｣ｾｰｴ｡｢ｬ･＠ formulation for the interconnection pattern of 
Dome 2. 
DOMES 3· AND 4 (Figs.7; 2. 8 to 1. 2. 15) 
Domes 3 and 4 illustrate the case where different configurations may be 
obtained from the same basic ｾｯｲｭｵｬ｡ｴｩｯｮ＠ by operating on different 
generants. · Thus the ｧｾｮ･ｲ｡ｬ＠ interconnection pattern of Domes 3 and 4 
may be represented through the formulation-given above for D13 by 
replacing the generant ｾｾ＠ by 
[1,1; 2,2J#rosid(3/2,3/2):[1,1; 2,1], 
which is equal to 
{[1,1; 2,2],[1,1; 2,1],[2,1; 2,2],[2,2; 1,2],[1,2; 1,1]} 
The ｬｩ｢ｲ｡ﾷｰ｡ｲ｡ｭ･ｾ･ｲｳ＠ m and n . assume the values of 16 and 8 for Dome 3 
and 24 and 16 for Dome 4, respectively. 
Alternatively, a general formulation for Domes 3 and· 4 can be given 
as the composition of two formiceso 
That is, 
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Fig. 7.2.6o- Dome 2, polar plot. 
Fig. 7 ._2. 7. Dome.2, spherical configuration, perspective view. 
-- -- .. ---:---
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12 
1 
4 
1 
11 
Fig.7 .2. 8. ·Dome 3, intrinsic plot. 
-
Fig.7. 2. 9, Dome 3, 32 - ｳ･ｾｴｯｲ＠ polar plot. 
212 
Fig. 7.2. 10., Dome 3, half dome, perspective viewo 
Fig.7.2.11. Dome 3, 16 ｾｳ･｣ｴｯｲ＠ polar plot. 
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.. Fig.7.2 .12. · Dome 3, spherical configuration, perspective view • 
12 
l ., lt 
Fig.7.2.13 •. Dome 4, intrinsic plot. 
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ｾｾｆＫＫＭｊｆＭＫＭｈｦＭＫＭｩＭＱｾＭｈＭｴ＠ ---- 12 
ｾ•ｭ＠
Fig.7.2.14.- • Dome 4, p'olar plot. 
Fig. 72.15. ·· Dome 4, spherical configuration, perspective view. 
_____ ........ _______ ,;,.._ _ _.;... ______________ ｾＭＭ ＭＭＭＭＭＭﾷＭ
where D2 stands for any of the formices representing the interconnection 
pat tern of Dome 2 and 
ｆｳ］ｌｾＺ Ｑ＠ ｌｪｾｬ＠ tranid(i,j):co,o; 1,1J 
represents the inclined elements in ｴｨｾ＠ ｾｮｴｲｩｮｳｩ｣＠ plQt of Fig. 7.2.8, 
For Dome 3, m=l6 and n=8 and for Dome 4, m=24 and n=l9. 
DOME 5 (F.igs. 7.2.16 to 7.2.18) 
The ｩｮｴ･ｲ｣ｯｮｮ･｣ｾｩｯｮ＠ ｰ｡ｾｴ･ｲｮ ﾷ＠ of Dome 5 may be seen to consist of the basic 
square·-meshed interconnection pattern of Dome 1 with a combination of 
four·diagonal elements added in each square, as shown in the intrinsic 
plot of Fig. ·7 .2.16. A formulation for this interconnection pattern 
may be given similar to that of D1s for Dome 1 by modifying the trans-
flection parameters and the generant as follows: 
where 
ｆｾ］ｲｯｳｩ､ＨＲＬＲＩＺ＠ {[1,1 .; 3,1] ,[1,1·;. 2,2]}. 
Here, m=20 and n=lO. 
An alternative formulation is ｧｩｶｾｮ＠ as 
where D2 is as formulated before and 
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Fig.7.2.16. Dome 5, intrinsic plot. 
Dome 5., polar plot. 
Fig.7.2.18 •. · Dome 5, ·spherical configuration, perspective view •. 
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l 
Fig.7.2.19. ·· Dome 6, intrinsic plot. 
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. H Lm-l ln-l tranid(2i,2J"),'rosid(2,2)', 
s= i=O J-0 
[1,1; 2,2] 
representing the elements running diagonally with respect to the 
Cartesian axes in the formex plot of Fig.7.2.16. 
t) 
DOME 6 (Figs.7.2.19 to 7.2.21) 
A general formulation for Dome 6 may be given as 
Ddl=D2# ｌｾＭｾ＠ ｲｲｾ＠ tranid(2i,2j):rQsid(2,2):[1,1; ·2,2], 
or Dd2=D2:f:t: ｉＱｾ ＺＺ＠ tran(2,2j) :re£(2,2): 
m+l 
. li=Z:. ref(l,i):lam(1,2):[1,1; 2,2], 
or . m'-1 rl-1 Dds=arec:Ii=O J=O tranid(2i,2j):Fs, 
where D2 is as formulated before with m=24 .and n=l2 and where ｭｾｬＲ＠
and n=6 and 
F8 =rosid{2,2):{[1,1; ＲＬＲ｝Ｃｲｯｾｩ､ＨｪＯＲＬＳＯＲＩＺ｛ＱＬＱ［＠ 2,1]}, 
In this general formulation m=m/2 and n=n/2. 
must be even integers. 
DoMes· ·z··:AND 8 (Figs. 1.2.22 to 7.2.26) 
Note that m and n 
The interconnection pattern of Domes 7 and 8 may be ｲ･ｰｾ･ｳ･ｮｴ･､＠ by 
ｾＱ＠
D7=D2# ｬｾ］ｏ＠ ｬｪＺｾ＠ tranid(2i,j) :-tam(l,2): [1,1; 2,2] 
where D2 stands for any of the formices representing Dome 2 with m=12 
and n=S. In order to obtain the spherical shape of Dome 8, the 
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Fig .7.2. 20; Dome 6, polar plot. 
• 
. . 
Fig.7. 2. 21. Dome 6, spherical configuration, perspective view. 
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I a 
Fig. 7. 2. 22. · Domes 7 and. 8, iritrinsic plot. 
ｉｾ＠
Fig.1.2.23. ·Dome 7, polar plot. 
221 
Fig.7. 2. 24;. Dome Ｗｾ＠ spherical configuration, perspective view. 
---...- I1 . 
Fig.7. 2. 25. Dome· 8, polar plot. 
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ｆｩｧＮＷＮＲＮＲＶｾ＠ · Dome 8, spherical configuration, perspective vi.ew. 
Il 
Fig. 7.2. 27. Dome 9, intrinsic plot. 
indices ! 1 and I 2 of every_signet in D7 are to be interchanged 
when specifying the correspondence between indices and coordinates. 
The result is a different ·geometric configuration obtained from the 
same formex. 
DOMES 9 AND 10 (Figs.7. 2. 27 to 7. 2. 32) 
A general formulation for the ｩｮｴ･ｲ｣ｯｮｮｾ｣ｴｩｯｮ＠ pattern of Domes 9 and 
10 may be given as 
ｮｾ］ｉｾｾ＠ ｉｪｾ＠ ｴｲ｡ｮｩ､ＨＲｩＫ｡ＬＲｪＫ｢Ｉｾｲｯｳｩ､ＨｬＬｬＩＺ｛ｯＬｯ［＠ 1,1], 
where m=9, n=S, a=O and b=O for Dome Ｙｾ＠
while m=20, n=S, a=l and b=2 for Dome lOa 
DOME 11 (Figs. 7. 2. 33 to· 7. 2. 35) 
The interconnection pattern' of this dome may be formulated in ｧｾｮ･ｲ｡ｬ＠
as 
ｄＱＱＱ］ｄｾＣ＠ Li:O ｌｪｾ＠ tranid(2i,2j): [1,1; 1,3] 
where ｄｾ＠ is the above given formex for Domes 9 and 10 and where m=20 
and n=Sa 
An alternative formulation may be obtained in terms of 
ｄＱＱＲ］ｌｾＭｾ＠ ｌｪｾ＠ .tranid(2i,2j): {rosid(2,2): [1,1; 2,2]# 
gamid(l,1):[1,1; 3,1]} 
Lm-1 · # ｾ］Ｐ＠ ｾｲ｡ｮＨｬＬＲｩＩＺ｛ｾＬＲｮＫｬ［＠ 3,2n+l] 
ｾ＠Ｃｾ＠ tran(2,2j):[2m+l,1; 2m+1,3]. 
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Fig. 7.2. 28. -. Dome 9, polar plot. 
Fig_.7. 2. 29 • Dome 9, spherical configuration, perspective viewa 
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!ig. 7.2 • 30 • Dome 10, intrinsic plot. 
Fig.7.2. 31, Dome 10, polar plot. 
·-.. ----
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Fig. 7.2. 32. Dome 10, spherical configuration, perspective view. 
fig. 7. 2. 33 Dome 11, intrinsic plot. 
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Fig. 7.2 • 34 • Dome 11, polar plote 
Fig.7.2. 35 • Dome 11, spherical configuration, perspective view. 
The first term in this composition is capable of representing the whole 
interconnection pattern of Dome 11 with . the exception of the furthermost 
boundary elements parallel with the ·coordinate axes in the intrinsic 
plot. The second term in the composition describes the furthermost 
boundary elements along !1 ' whereas the . third term represents those 
along I2. 
DoME 12 (Figs. 7.2.36 to 7.2.38) 
One possible formulation for the interconnection pattern of Dome 12 
is given by 
ＺｊＺ｛ｭＭＱｾ＠D121=D9 ｾ］Ｐ＠ £FO tranid(2i,2j): [1,1; ·3,1], 
where D g · is the formex formulated above for Domes 9 and 10 with m=20 
and n=S. 
An alternative formulation for this dome is given as 
rm-1 In-1 D122= ｾ］Ｐ Ｎ＠ j=O tranid(2i,2j):{[l,l; 3,1]# 
rosid(2,2):[1,1; 2,2]} 
# ｾｲ｡ｮＨｬＬＲｩＩＺ＠ [1,2n+l; ·3,.2n+1] 
DoME 13 (Figs.7.2.39 to ＷｾＲＮＴＱＩ＠
.A· ｧ･ｮ･ｲ｡ｾ＠ expression to represent the ｩｮｴ･ｲ｣ｯｾｮ･｣ｴｩｯｮ＠ pattern of Dome 13 
may be given as 
ｄＱｳ］ｌｾＺｾ＠ Ij:i+i tranid(2j-i,i):{[o,o; 1,1J,[o,o; ·2,oJ, 
[1,1; 2,0]} 
where m=20 and n=10. 
228 
229 
· Fig. 7. 2 ｾ＠ 36 •. Dome 12, ｩｮｾｲｩｮｳｩ｣＠ ｰｬｯｴｾ＠
--- Ia 
Dome 12, polar plot. 
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Fig.7.2.38o . Dome 12, spherical conf.iguration,, perspective view • 
. . 
Fig.7.2.39. Dome 13, intrinsic plot. 
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Fig .7.2. 40. Dome 13, polar plot. 
Fig. 7. 2. 41. Dome 13, spherical c·onfiguration, perspective view. 
DoME 14 (Figs .7. 2. 42 to· 7. 2. 44) 
The general interconnection pattern of Dome 14 is almost the same as 
that of Dome 12. The differences are that Dome 14 is translated by 
(1,1) units along I1 and I2 and the additional furthermost boundary 
line parallel with I 1 in the intrinsic plot of Fig.7.2.42. 
Consequently, the interconnection pattern of Dome 14 may be . formulated 
as 
where D12 represents the connectivity pattern of Dome 12 
and· 
lm-1 F14= 
1
=0 tran(l,2i):[n+l,n+l; n+3,n+l] 
ｲｾｰｲ･ｳ･ｮｴｳ＠ the additional boundary elements parallel to the I 1 
axis in the intrinsic plot. These boundary elements correspond to 
.the circumferential ring in the polar plot and the base ring in the 
3-dimensional geometric -shape. 
respectively. 
DOME 15 (Figs ＮＷｾ＠ 2. 45 - ·to 7. 2. 4 7.) 
The values of m and n are 40 and S, 
The general arrangement of elements for Dome 15- is similar to that of 
Domes 12 and 14. 
That is, 
where 
Hence, it may be formulated in·a similar manner. 
- rn-l Im l+i· ·d(2. · 3·> '{. [1 4 2 3] [2 1 2 3] F.,.s= i=O J-l. tran1 J-1, 1 , , ; , , , ; , , 
[2,3; 3,4]} 
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·. 
· · ·.. ..: · · · · Fig.7.2.42. Dome 14, intrinsic plot. : 
.. 
ｆｩｧｾＷＮＲＮＴＳＮ＠ Dome 14, polar plot. 
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Fi&7.2.44. · Dome _14, spherical ｣ｯｮｾｩｧｵｲ｡ｴｩｯｮＬ＠ perspective view. 
Fig. 7. 2. 45 •. Dome 15, intrinsic plot. 
----- --------- ---------------"! 
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Fig. 7.2. Ｔ Ｎ ｾ＠ o Dome 15, polar plote 
Fig.7.2. 4.7 ,;: Dome 15,. spherical configuration, perspective view. 
representing the main layout and 
representing the elements lying parallel to the I 1 axis in the 
intrinsic plot or constituting the central ring in the polar and 
spherical versions of the configuration. The values of m and n 
are 30 and ｾ＠ respectivelyo 
PoME 16 (Figs. 7. 2. 48 to 7. 2 .50) 
The interconnection pattern of Dome 16 ｾｹ＠ be formulated using 
the above formulation for D1 s. 
where 
- m:]. lm-l +i . cl (2 . - . . 3. ) ., {.[ 2 1· 3 2] [ • 4] ｈＱＶＭｾ＠ j=i ｴｲＮ｡ｮｾ＠ J ｾＬ＠ ｾ＠ , , , . , , 3,2, 3, 
. [3,2; 4,1]} 
representing the additional elements. 
and 8, respectively. 
The values of m and n are 16 
Alternativ-ely, Dome 16 may be represented using the above formulation 
for DlS, but with the generant replaced by 
{[1,4; 2,3],[2,1; 2,3],[2,3; 3,4],[2,1; 3,2],[3,2; 3,4],[3,2; 4,1]}. 
The examples dealt with so far are configurations wi.th ·highly regular 
interconnection patterns. Examples of more complex configurations 
resulting from the combination of ·simple patterns are provided through 
Domes 17,_ 18 and 19. 
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ｾ＠ 10 Ｑｾ＠ 30 
Fig .7. 2 • 4 8 • Dome 16, intrinsic plot • 
. . 
Fig. 7 ＮＲﾷＮＴＹﾷｾ Ｍ Dome 16, polar plot. 
I I I 
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DOME 17 · (Figs.7.2.51 to 7.2.53) . 
Consider the formex D12 obtained for Dome 1, that is 
t.....!_ lm-1 ln-1 . . d(• ")' "d(O O)i ' [ 1 0] D1 2= ｾ＠ j=O k=O tran1 1,J ,ver1 , , 0,0; , • 
If D12 is taken as a generant to formulate the interconnection pattern 
of Dome 17, then ｾｮ･＠ possible representation is given by 
where 
Ii!o tran(l,4i):[l,2; 1,3] 1 
ﾣｾＺＰ＠ tran(l,2i):[l,.8; 1,9] 
and 
and where 
m=8 and n=l for D2 in F1 , 
m=16 and n=S for D2 in F2 
and m=32 and n=S for D2 in Fs 
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Fig .• 7 .2 .50 • . Dome 16, spherical ｣ｯｮｾｩｧｵｲ｡ｴｩｯｮＬ＠ perspective view. 
It 
' 
• 
1 
t • 
., u tl 
Fig. 7.2.51. · · Dome i7, intrinsic plot. 
240 
---r-12 
Fig. 7.2 .52 • . Dome·l7, polar plot. 
Fig_.7 ＮＲＮｾＵＳ＠ o Dome 17, spherical ｣ｯｾｦｩｧｵｲ｡ｴｩｯｮＬ＠ perspective view. 
DOME .18 (Figs.7.2.54 to 7.2.56) 
Consider now the formex F1s given below as 
m-lln-1 · J ｆ Ｑ ｡］ｾｯ＠ "=0 ref(2.J·),'ref(l.i),'ref(l,-l/2) ,' ｾ＠ J , , 
[0,0; -1,-1]. 
If F18 is taken as a generant to formulate the inte;connection pattern 
of Dome 18, then one way of representing this ｣ｯｮｦｩｧｵｲ｡ｴｩｾｮ＠ is 
given as 
where 
E_1 =tranid(l, 1): dil (1, 2) :F 1a, 
.and ｅＲｾｴｲ｡ｮｾ､ＨｬＬＶＩＺｆＱ･＠
with m=30 and n=S for F1a in E1 
and m=60 and n=S for F1a in E2 
and where 
H1 =Ii:o. t;ran(l ,4i): [1, 1 ; . . 5 ,lJ# 
Ii:O Lj:O tranid(2i+j,Sj):[1,6; 3,6] 
representing the elements parallel to the It axis in the intrinsic 
plot of Fig.i. 2·. 54 and 
representing the elements parallel to the !2 axis. 
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I 
Fig. 7.2. 54 .. Dome · lS, intrinsic plot. 
F"'" I:a 
Fig. 7.2.55. Dome 18, polar plot .. 
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. ]'ig.7.2.56. . Dome 18, spherical configuration, perspective view • 
Fig. ·7 • 2. 57. Dome 19, intrinsic plot. 
DoME ·19 (Figs. 7. 2.57 to 7 .2 .• 59) 
Dome 19 provides a further example of convenient formulation combining 
the formices D1 2 and F1a used for Domes 17 and 18. Thus 
ｄＱｾ］ｴｲ｡ｮｩ､ＨＲＬＲＩＺ､ｩｬｩ､ＨＲＬＲＩ［ｄＱＲＣ＠ tranid(2,2):dilid(2,2):D 1 2 
# tranid(l,l):dilid(2,10):F 1 a 
representing the interconnection pattern of Dome 19. 
Here, m=l8 and n=9, for the first term of the composition, 
m=lS and n=4 for the second term and m=.36 and n=lO for the third term. 
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ｾｩｧＮＷＮ＠ 2. 58 • . Dome 19, polar plot. 
Fig.7. 2. 59 II ·nome 19, spheFical configuration, perspective view. 
7.3 SPHERICAL CONFIGURATIONS WITH BILATERALLY 
SYMMETRIC SECTORS 
The configurations treated in this Section consist of a number of 
bilaterally symmetric segments that are cyclically positioned around 
a fixed point or axis. 
Some 10 Domes of this type are dealt with in this ｓ･｣ｴｩｯｮｾ＠
' DOME 20 (Figs.].3.1 to 7;3o3) 
As an introduct9ry .example to the manper in which these systems are 
dealt with here, consider the configuration of Fig. 7.3.l _which is 
·composed of sectors with identical interconnection patterns. With a 
view to ·simplify later the geometric definition of this arrangement of 
elements, an approach to its ｦｯｲｾｾｬ｡ｴｩｯｮ ﾷ＠ is- discussed here that takes 
advantage of ｾｨ･＠ symmetric properties· of the system. Roughly, this 
approach consists of two stages that may be treated separately. 
Firstly," the whole system is seen as a function of one of its sectors 
and this sector is regarded as the 'basic sector' of the system, as. 
indicated in Fig.7.3.l. One artifice to represent the whole system that 
also lends a· simple means to deal ·later with the system'·s cyclic 
properties consists of projecting a formex representing the interconnection 
pattern of the basic sector in such a way that there is a projection for 
every sector of the system. Thus, in relation to the configuration of 
Fig. 7.3.1, the interconnection pattern of the whole system may be formulated 
as 
where F20 represents the interconnection pattern of the basic sector 
represented also through the intrinsic plot of Fig •. ＷｾＳＮＲＮ＠ In this 
way, if the third index 13 of a signet in D2o is equal to zero, then 
ＲＴｾ＠
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sector 
ｾｩｧＮＷＮＳ＠ .• 1 • Dome 20, ·polar plot. 
-I1 I1· 
Fig.} .3. Z. Dome ·20, basic sector, intrinsic plot. 
the s_ignet represents an entity in the first (or basic) sector, 
whereas if Is is equal to i or 2, ｴｨｾｾ＠ the represented object is 
in the second or third sector, respectively. 
Having established this, the attention may be centred on the 
formulation of the formex representing the interconnection pattern 
of the basic sector as presented in Fig. 7. 3.2. The position of this 
plot with respect to the Cartesian coordinate system is ｣ｯｾｰ｡ｴｩ｢ｬ･ﾷ＠
with the position of the sector with respect to the fixed point 
. . . 
of rotation ·for the whole system} which is taken' later as! the 
origin of the coordinate system of the geometric shape. In addition, 
this arrangement sets the basis for the generation of bilaterally 
symmetric coordinates for _the basic sector. 
One possible formulation for ｆｾｯ＠ is given as 
where b 1={[o,o,o; -2,3,0J,[-2,3,0; 2,3,0],[0,o,o; i,3,0]} 
representing the 'basic (triangular) translation ｵｮｩｴＧｾ＠
Once a formex capable of representing the interconnection pattern 
of the whole configuration is obtained, a ｧ･ｯｭｾｴｲｩ｣＠ shape may be 
defined in terms of the coordinates of the nodal ｾｯｩｮｴｳ＠ of the 
configuration. 
For this purpose, Ｎ ｴｨｾ＠ coordinates of a point whose signet is ｛ＧｉＧＱＬﾷｲｾＬｉ Ｓ ｝＠
are taken to be of the form 
r=R 
8=8 1!1/4 + I 3 2tt/S 
y=y1I2/3 
where r, e and y are the radial and angular coordinates of the point 
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in the ｳｰｾ･ｲｩ｣｡ｬ＠ coordinate system described in Section 7.2.and 
where· 
ｾ Ｍ Ｑ］＠ 2n/h_ ｧｩｶｩｾｧ＠ a basic (horizontal) angular increment, 
h= S Iz/3, dictating the subdivision of 2n, 
S· ·is the number of sectors in the dome, 
y 1 = a/f giving a basic (vertical) angular increment, 
a= 2 arctan 2a/L being the angle subtended at the 
centre of the sphere between the normal line at the · 
apex of the dome and a line from the · centre of the sphere 
· to the base of the dome, 
a is the rise of the dome, 
L is the diameter of the base and 
f is the number of elements (sUbdivisions) at the basic 
sector's base; which also dictates. the subdivision of a 
above • 
. It should be noted that the ･ｮｴｩｾＮ＠ I 3 2;r/S in the above set of 
coordinate specifications determines the rotation of the set of 
coordinates of the nodal points of the basic sector to generate the 
coordinates of the nodal points of the whole system. Here, 2n/S is. 
the angle between the symmetric sides of each sector (in plan view) 
and it- is a function of the ｮｾ･ｲ＠ S of sectprs, while I 3 is a factor 
determining ｾｯｷＮｭ｡ｮｹ＠ times' this central angle (2-rr/S) the basic sector 
is to rotate. 
Fig.7.3.3 shows a: perspective view of· a spherical shape obtained through 
the procedure discussed above and it is, in fact, the spherical con-
figuration of Dome 20. 
It should be mentioned also _that. the polar version of Dome 20 (Fig.-7. 3, 1) 
can no ｬｯｮｾ･ｲ＠ be geometrically defined as the polar plots in Section 7.2 
but in this case it is a function of r and 
coordinate specifications adopted here. 
Dome 20 is a 'plan view' of the spherical 
to the polar plots of the remaining domes 
e as defined for 
That is, the polar 
shape and the same 
dealt with in this 
the set of 
plot _of . 
applies 
Section. 
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Fig. 7.3.3 .. Pome 20, a spherical 
configuration, perspective view. 
Fig. 7 .3.4 .. Dome 21,- · basic intrinsic plot. 
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DOMES 21 AND 22 (Figs.7.3.4 to 7.3.9) 
The interconnection patterns of Domes 21 and 22 may be represented 
through a generalised version of the formulation produced for Dome 
20, that is 11 
LS-1 .(3 .)'F ｄｾｾ］＠ 1 0 proJ ,1 , 21 
where S is the number of sectors in the . Dome and F 2 1· stands for the 
basic sector of the system. 
For .Dome 21, F21 may be replaced by 
representing the intrinsic plot of Fig. 7.3.4 where 
and 
and where £ is the number of basic translatipn units b1 at the side 
of the basic ｳ･ｾｴｯｲ＠ parallel to the I1 aXis in the intrinsic plot of 
Fig. 7.3.4, if the sec;tor was complete and where f must fulfill the 
relationship 
1 ｾ＠ n s f 
with n b'eing the number of basic translation: units b1 . along one of 
the syiiDlletric . sides of the basic sector. Here S=6, ·f=lO and .n=lO. 
The interconnection pattern of Dome 22 may be represented thro.ugh D2 1 
above, but the formex F21 representing the interconnection ｰ｡ｴｴ･ｾ＠ of 
the basic sector should be replaced by 
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. ---.1. -- --'--- --· 
252 
Fig. 7.3. 5. Dome 21, spherica"! configuration, plan view. 
Fig .• 7.3.6o Dome 21, spherical configuration, perspective view. 
where ｆｾＱ＠ is as given for Dome 21 and 
representing the nearest element parallel to the I 1 axis in the. 
intrinsic plot of Fig. 7.3. 7. 
10, 12 and 11, respectively. 
The ｰ｡ｲ｡ｭｾｴ･ｲｳ＠ S,f an4 n are equal to 
DOME 23 (Fig.-7. 3.10 to 7. 3·.12) 
The interconnection pattern of Dome 23 may also be obtained through 
the ·general formulation introduced for Dome 21, but in this case the 
is to be replaced -by _bs where 
b 3 ={[0,0,0; 2,1,0],[2,1,0; 2,3,0],[2,1,0; ＴＬＰｾＰ｝ｽ＠
representing the basic . translation unit to generate the interconnection 
pattem of the ｢ｾｳｩ｣＠ sector shown in Figi 7.3.10and where the ingot ﾷｧｾ Ｑ＠
• . I . • 
used in the formulatJ.on of F21 rema1.ns unaltered. The :values of S, 
f and n are 9,10, and 10, respectivelyo 
DoME 24 (Figs. 7.3 .13 . to 7. 3.16) 
A formex to represent the interconnection pattern ｯｾ＠ D?me 24 may still 
be obtained by using the general formulation produced in connection with 
Dome 21 as follows: 
ｲ･ｰｲ･ｳ･ｮｴｾｮｧ＠ the configuration shown in Fig.7.3.15, where 
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. -Il · ｾ＠ "I 1 
Fig.h3.7. Dome 22, basic sector, intrinsic plot. 
---.--r 
Fig .. 7.3.8·. Dome 22, ｳｰｨ･ｲｩ｣｡ｾ＠ configuration, plan view. 
ｾＭＭＭＭＭＭｾＭ ------ ----;--
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Fig.7.3 • .-9. Dome 22, spherical configu:t;ation, perspective view. 
-rl 
Fig.l3.l0o Dome 23, basic sector, intrinsic plot. 
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r 
Fig.h3.11 Dome 23, spherical configuration, plan view. 
Fig.7.3.12. Dome 23, spherical configuration, perspective view. 
ＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭｾＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭＭ Ｍ Ｍ
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FigJ.3.13. Dome 24, complete basic sector, intrinsic plot. 
-It 
ｆｩｧＮＷｾＮＱＴｾ＠ Dome 24, modified sector, intrinsic plot. 
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r 
!ig.h3.15. Dome 24, spherical configuration, plan view. 
Fig.h3.16. Dome 24, spherical configuration, perspective ｶｩ･ｷｾ＠
---- -- -------- -- --- ----------,--------, 
being the argument _for the cordation to remove a number of elements 
from the sectors labelled as 7,8 and 9 in the same plot, 
g21=Ii:O Ij:l projid(4j-2i-8,3f-3i):[o,O,O] 
being the same ingot used in the formulation of D2 1 , and where 
.D LS-1 "(3' ")'F 21= i=O proJ ［ｾ＠ 1 21 
representing the configuration tm.der conside·ration without any elements 
removed. 
As explained for Dome 21, F21 _in D21 stands for the basic sector of 
a ｣ｾ｣ｬｩ｣｡ｬｬｹ＠ symmetric configuration and for Dome 24 F21 should be 
replaced by 1 
ｾＭｦＭＱｾ＠ ｾ＠ｪ］ｦＭｮﾷｾ＠ tranid(4k-2j,3k):b 3 , 
where b 3 is the same generant used for Dome 23, that is 
b 3 ={[o,o,o; 2,l,OJ,[2,l,O; 2,3,0],[2,1,0; 4,0,0]}. 
Here, S=9, £=10 and n=lOo 
. . -
DoMES 25 1 26 1 27 J28 AND 29 (F_igs-.7 .3.17 to 7 .3.28) 
This group of demes constitutes more complex examples where a ｴｹｰｩｾ｡ｬ＠
dome is composed of two interconnected 'laye+s' of elements. Through-
out the plots corresponding to this_ group of domes, the elements in the 
outer layer are plotted in thiCk line, the elements . in the inner layer 
are drawn either in dashed or medium thiCkness line, and the elements 
. . 
interconnecting the two layers are plotted either in dotted or ｾｨｩｮ＠ line. 
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The approach to represent Ｍ ｴｲｾｳ＠ type of dome is ｩｾ＠ general the same as 
described for Dome 20, the only difference is that here the formices 
used are ｯｾ＠ grade 4. Thus, the first thre.e indices in.-every s_ignet 
of.a formex ｲ･ｰｲ･ｳ･ｮｴｩｾｧ＠ a system are used to obtain the basic sector, 
while the fourth index is used as a sector identifier. 
A general formulation for this ｾｰ･＠ of dome may be given as 
where 
F 25 =tran(l,-2m) :re£(2,3m/2); (OUT# IN# DI# LI) 
representing the basic sector of a dome, where m iu the number cf 
elements along the base of the outer layer of the basic sector and 
where OUT, IN, DI and LI represent suassemblies of the system corres-
ponding to the basic sectoro 
These subassemblies are: 
The outer layer, whose interconnection pattern is formulated as 
ｏｕｔ］ｌｾｾ＠ ﾣｪＺｾ＠ tranid(4j -2i,3j):{[O,O,ll0; 2,3,1,0], 
[0,0,1,0; 4,0,1,0],[2,3,1,0; 4,0,1,0]} 
The inner layer, whose interconnection pattern may be obtained as 
mrl o 1 mrl . 1 --J.- -- -J.-
IN =arec;Ii!o L 3j=o l ｾ］ｪ＠ tranid(12k-6j+6i,9j+3i): 
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lam(l,4): {[4,4,0,0; G,l,0,0],[6··,i,o·,o·; ｬＰＬＱＬＰｾＰ｝Ｌ｛ＱＰＬｬＬｏＬｏ［＠ 12,4",0,0]} 
Ｃｉｾｾｴｲ｡ｮＨＱＬＴｩＩＺ｛ＲＬＱＬｯＬｯ［＠ 6,1,o,oJ 
' lm-2 # lam(l,2m) :_· j=O tranid(2j ,3j): [2,1,0,0; 4,4,0,0]. 
ｾＭ . 
The elements interconnecting outer and inner layers, whose inter-
connection pattern may be formulated as 
- 'lm-llm-1 DI-lux(gd)' i=O j=i ｴｲ｡ｮｩ､ＨＴｪｾＲｩＬＳｪＩＺｻ｛ｏＬｏＬｬＬｏ［＠ 2,1,0,0], 
[2,1,0,0; 2,3,1,0],[2,1,0,0; 4,0,1,0]} 
with 
m-1 • 1 m-1 . 2 :-r-l.- 3 -J.-l 
gd=li=aL j=O L k=j ｰｲｯｪｩ､ＨｬＲｫＭＶｪＫＶｩＬＹｪＫｾｩＩＺ｛ｳＬＴＬＰＬＰ｝Ｎ＠
Finally, the remaining elements that link the inner layer sectors ｾｹ ﾷ＠
be given as 
LI=lj:l proj(2,3j-2):dilt(l,-4j,2m+2j):to,o,o,o; l,O,O,l]. 
The parameter m for a Dome must be of the form 
m=3n+l 
with ｮｾｬＮ＠ Here m is the ｮｵｭｨｾｲ＠ of basic triangular translation units 
·at any ｾｦ＠ the sides of the basir. sector for the outer layer. 
ｾｨ･＠ value of the parameters S and m for Domes 25 to 29 are as ｦｯｬｬｾｷｳＺ＠
Dome 25 IS=3 
m?7 
Dome 26 IS=4 
.m=7 
Dome 27 1S=6 
m=7 
Dome 28 18=9 
m=7 
Dome 29 IS=8 
m=l9 
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In addition, the set of coo!dinate specifications adopted · in connection 
with Domes 20 to 24 should be amended so that the coordinates (r,e,y) 
of a point whose signet is [I1,'I2,I3,I4J are taken to be of the form 
t=R+cis 
8=8 11 1 /4 + ｉＴＲｾＯｓ＠
y=yl"'f-2/3 
relative to the spherical coordinate system used in. the previous 
cases and where the parameters R, c, 81, y 1 and S retain the same 
significance as for the previous cases • 
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Fig, 7.3 .17. Domes 25 to 28, ba$iC sector, intrinsic plot. 
r 
Fig.7.3.18. Dome 25, 3 sectors, spher.ical conf_iguration, plan view. 
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. . 
ｾｩｧＮＷｾＮＱＹｾ＠ Dome 25, 3 sectors, spherical configuration, perspective view. 
,.. r 
Fig.7.3.20o Dome 26, 4 sectors, plan viewo· 
265 
Fig.h3.21. Dome 26, 4 sectors, spherical configuration, perspective view. 
r 
Fig.7.3.22. Dome 27, 6 sectors; spherical configuration, plan view. 
266 
r 
'Fig.h3.23v Dome 28, 9 sectors, spherical configuration, plan view. 
-It I1 
Fig.7J.24 Dome 29, basic sector, intrinsic plot. 
Fi
g.
 7
.3
.2
5.
 
Do
me
 2
9,
 8
 s
e
c
to
rs
, 
r 
s
ph
er
ic
al
 c
o
n
fi
gu
ra
ti
on
, 
ｰｬｾ＠
v
ie
w
 
N
 
0
'\
 
-
.
.
.
.
.
.
] 
Fi
g.
7.
'3
.2
6.
 D
om
e 
29
, 
8 
s
e
c
to
rs
, 
s
ph
er
ic
al
 c
o
n
fi
gu
ra
ti
on
, 
ha
lf
 p
la
n 
v
ie
w
. 
N
 
m
 
co
 
Fi
g.
 7
.3
.2
7.
 
Do
me
 2
9,
 s
ph
er
ic
al
 c
o
n
fi
gu
ra
ti
on
, 
fr
on
ta
l 
e
le
va
ti
on
 w
it
h 
tw
o 
s
e
c
to
rs
 r
em
o
v
ed
. 
N
 
Q
) 
ｾ＠
Fi
g.
 7
.3
.2
8 
Do
me
 2
9,
 s
ph
er
ic
al
 c
o
n
fi
gu
ra
ti
on
, 
pe
rs
pe
ct
iv
e 
v
ie
w
 o
f 
fo
ur
 s
e
c
to
rs
 f
ro
m
 i
ns
id
e 
th
e 
Do
me
. 
N
 
"
 
0 
,--------:----------· - ··-·-- ..... --·· -----·- ·- .... 
7.4 CONFIGURATIONS OBTAINED BY PROJECTING 
. . 
A PLANE NETWORK ONTO A SPHERE 
Configurations having different geometric particulars but the same 
interconnection pattern may be represented through the same formex. 
The geometric details that make every configuration-apparently distinct 
may be associated to the formex representation of the configuration 
through retrobaseso 
The geometric· configurations treated in this Section illustrate this 
· point by ｲ･ｬ｡ｴｩｮｾ＠ formices produced in the previous Sections and· the 
following set of coordinate specifications: 
The coordinates of a point whose signet is [I1,I2J are given as 
where 
x=I1 
y=I2 
z=A! +k if ａｾｏ Ｎ＠
or 
z=O if A<O 
and where the parameters h, j 
coordinates of the centre of a 
axes in a Cartesian coordinate 
and k, respectively, 
sphere with respec·t 
system and r is the 
DoME 30 (Figs.7.4 .l to 7. 4. 5) 
correspond to the 
to the x, y and z 
radius of the ｾＺｐＱｩ･ｲ･Ｎ＠
. A formex to represent the interconnection pattern of Dome 30 may be 
obtained through any of the fo:mulations ｾ･､＠ in connection with Dome 2, 
since the general interconnection pattern is the same. Various geometric 
shapes are obtained here by relating the abuve set of coordinate speci-
fications to this formex and by varying the values of h, j, k and r. 
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11 11 11 
Ffg.7. 4.1. Dome· 30, intrinsic plot OD 
Fig. 7.4.2. Do.me .30, a. geometric conf_iguration, perspective view. 
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Fig.7.4.3. Dome 30, a geometric configuration, perspective view. 
ｆｩｧｾａＮＴＮ＠ ｄｯｾ･＠ 30, a geometric ｣ｾｮｦｾｧｵｲ｡ｴｩｯｮＬ＠ perspective view. 
.. 
DoME 31 (Figs •. 7.4 .. 6 and 7 o 4 o 7) 
The approach to specify a geometric shape for Dome 31 is the same as 
for. Dome 30 and the required formex may be obtained in the same way as 
for Dome 6. 
DOME 32 (Figs •. 7. 4. 8 to 7 o 4. 10) 
A ·fo·rmex capable of describing the interconnection pattern of Dome· 32 
may be given by using one of the formulations .for Dome Ｖｾ＠
Thus', 
The parameters m and n in the the formulation for ｄｾ Ｑ＠ are both 12. 
The use of the recision function·is necessary to dispose of the redundant 
cantles resulting from what may be interpreted as a partial ｯｶ･ｲｬｾｰｩｮｧ＠
of configurations in the intrinsic plot. The geometric shape for Dome 32 
is obtained by relating . the set of coordinate specifications given in this 
Section to the formex D3a • 
DOME . 33 (Fig.7. 4.11) 
The geometric shape of Dome 33 could be interpreted either as the 
projection of a single network onto a rectangular arrangement of equal 
:.intersected spheres, ·or as a two-fold translation of a basic inter-
connection sub-pattern projected onto a sphere • . If the second approach 
is adopted, then it is -possible to use any one of the formulations 
representing the general interconnection pattern of Dome 6 to represent 
the connectivity system of a basic sub-dome, relating the resulting formex 
to the set of coordinate specifications in this Section and, finally, 
translating the resulting ｧ･ｯｾ･ｴｲｩ｣＠ shape along the x andy directions. 
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ｆｩｧｾＷＮＴＮＵＮ＠ Dome 30, a geometrl.c ｣ｯｮｾｩｧｵｲ｡ｴｩｯｮＬ＠ perspective view. 
12 
7 10 11 lt 11 11 
FigJ.4.6. Dome 31, intrinsic plot. 
ｾｩｧＮＷａＮＷ＠ •. Dome 31, a ｧ･ｯｭ･ｴｾｩ｣＠ ｣ｯｮｾｩｧｵｲ｡ｴｩｯｮＬ＠ perspective view. 
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ｾｩｧＮＷＮＴＮＸＮ＠ Dome· 32, intrinsic plot. 
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Fig.7.4.9. Dome 32, a ｧ･ｾｭ･ｴｲｩ｣＠ configuration, perspective view. 
I . 
Fig.7.4.10. Dome 32, same geometric configuration, side view. 
. . 
Fig.7A.ll. Dome 33. geometric ｾｯｮｦｩｧｵｲ｡ｴｩｯｮＬ Ｎ＠ perspective view • 
I1 
Fig.7.4.12. Dome 34, intrinsic plot. 
278 
DOMES 34 TO 39 (Figs.7 .4o 12 to 7. 4. 2 3) 
If a formex Hs4 is formulated in general as 
H Ln-lLm-1 • d(2. . 0) 'B s4= i=O j=i ｴｲ｡ｮｾ＠ ｊＭｾＬｾ＠ , r 
where ｬｾｮｾｭ＠ and where the subscript r identifies one of the formices 
given below as 
ｂ Ｑ ｾｻ｛ＰＬＰ［＠ 1,3],[0,0; 2,0],[1,3; 2,0]}, 
B2={[0,0; 1,1],[1,1; 1,3],[1,1; .2,0]} . 
and ｂ Ｓ ｾｻ｛ＰＬＳ［＠ 1,2],[1,2; 2,3],[1,0; 1,2]}, 
then it is possible to use this formex for the representation of the 
interconnection ｰ｡ｴｴ･ｾｾｳ＠ of Domes 34 to . 39. It should be ｮｾｴ･､＠ that 
B1, B2 and Bs, give rise to three different configurations without 
varying the remaining parameters ·in the formulation. 
Thus, the interconnection patterns of this group of Domes are 
ｾ･ｰｲ･ｳ･ｮｴ･､＠ by formices ·Ds4 to Ds, and are given as 
where 
and 
ｄｳＴｾｴｲ｡ｮｩ､ＨＱＬｬＩ［ｈｳ Ｔ＠ with m=20, n=29 ｾ､＠ r=l. 
D.3 :s=Ds4 # 
tranid (1, 1) :Hs4 with m= 20 , _ ｮｾＲＰ＠ and r ,=2. 
Dss=Dstt # 
tranid(l, 1) ;Hs4 with ｭ］Ｗｾ ﾷ＠ n=7 and r=2, 
# tranid(l4,4o):Hs,. with m=7, n=7. and r=2, 
' . . . ! 
# tranid(27,l);H34 with m=/, n=7 and r=2. 
Ds7=tranid(l,l);Hs4 with m=20, n=20 and r=2. 
D38=F 3 a #tranid(2,l):Hs4 with m=l9, n=19 and ｲｾＳＬ＠
Fsa=lux(gsa):Ds7 
gsa={[l,1],[21,61],[41,1]} 
• . 
being used to eliminate the elements at the corners of the ｣ｯｮｦｩｧｵｾ｡ｴｩｯｮＮ＠
27CJ . 
All formices D34 to D39 are .related to the set of coordinate specifications 
in this Section and produce the geometric configurations shown in the 
corresponding Figures. 
- ---'---- ---'----'------------'-- --__:__ _ _ __________ -
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Fig. 7.4.13. Dome 34, a. geometric configuration, 
perspective view. 
I1 
Fig.7.4.14. Dome 35, intrinsic plot. 
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Fig. 7/f..lS. Dome 35, a geometric configuration_, perspective view. 
I1 
Fig.h4.16. Dome 36, intrinsic plot. 
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Fig.7. 4.17 •. Dome 36, geometric configuration, perspective view. 
I1 
ｾｩｧＮＷＮﾷＴＮＱＸＮＭ Dome 37, intrinsic plot. 
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Fig .7 ."4 .19. 
I 
Dome. 37, geometric conf.iguration, per§lpective v:iew. 
11 
ｾｩｧＮＷＮＴＮＲｯＮ＠ Dome 38, intrinsic plot. 
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Fig.7A.21. Dome 38, geometric ｣ｯｮｾｩｧｵｲ｡ｴｾｯｮＬ＠ perspective view. 
Ii 
Fig.7.4.22. Dome 39,. intrinsic plot. 
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Fig.7.4,23 ... Dome 39, geometric conf_igl:'.ration, perspective view. 
7.5 CONFIGURATIONS CONSISTING OF CYCLICALLY 
SYMMETRIC SEGMENTS WITH HYPERBOLIC 
PARABOLOIDAL GEOMETRY 
The group of domes presented in this Section provide further examples 
of configurations consisting of a number of segments arranged in a 
cyclic fashion around a central axis, In this case, the geometric 
particulars of each segment are basically defined in terms of a 
hyperbolic paraboloid within a square pl.an ｰ･ｲｩｭ･ｴ･ｲｾ＠ .Subsequently, 
this square pian is turn{!d into a rhombus whose angle a 
of the system is a function of the number of ｳｾｧｭ･ｮｴｳＮ＠
at the origin 
The high points 
of the basic paraboloid are situated radially, with one of them at the 
origin of the system. The overall shape is obtained by rotating the 
basic seginent, 
These considerations on the geometry and symmetry of this group of domes 
served as a guideline for the formex formulation of their interconnection 
patterns. Thus, the approach 'is to formulate a formex representing 
the interconnection pattern of a basic segment and then to formulate a 
ｾｯｲｭ･ｸ＠ representing ｴｨ･ Ｎ ｩｮｴｾｲ｣ｯｮｮ･｣ｴｩｯｮ＠ pattern of the whole of the confi-
guration. Finally, the geometric shape is obtained by relating the 
set of coordinate specifications given ｢･ｾｯｷ Ｇ ｴｯ＠ the formex representing 
the whole system·. 
Here, the coordinates (x,y,z) of a point whose signet is [I 1 ,I2,I 3 ] 
are taken to be of the form 
ｸ］ｸｾ｣ｯｳＨｉｳ｡ＩｾｹＧｳｩｮＨｉｳ｡Ｉ＠
y=x'sin(Isa)+y'cos(Isa) 
z=a(l-bi·1 +2I 1Iz +!2/b) 
with respect to a Cartesian coordinate system, where 
x'=I1+I2cosa 
y'=I:asina 
representing the ｾｲ｡ｮｳｦｯｲｭ｡ｴｩｯｮ＠ of _the square plan of the hyperbolic 
paraboloid into a ｲｨｯｭ｢ｵｳｾ＠ and where 
287 
•. 
a=21f/S 
and S is the number of segments composing a dome. 
The parameters a,b and a are graphically explained in Fig. 7.5.1 
In addition, the parameter a may be any number and b should be equal to 
the number of units ·that the corresponding intrinsic plot has along I 1 
or !2. 
It should be noted that the z coordinate is a function of the 
indices· I 1 and I2 (and not of Is)v The index Is is used to rotnta 
the basic segment in plan by an angle equal to· I 3 a; that is, 13 
may be interpreted as a segment idenfication.number. 
DOMES 40. TO 44 (Figs .7. 5. 2 to 7.5 .11) 
A general formulation capable of representing the interconnection 
pattern of Domes 40 to 44 may be ·written. as 
- lS-1 .(3 .)'F ｄｾｴｯ］＠ i=O proJ ,J. '. ｾｴｯ＠
· where S is the number of segments and F ｾＮｯＺ Ｚ ｲ･ｰｲ･ｳ･ｮｴｳ＠ the interconnection 
pattern of the basic segment. · For Domes 40 to 44, ｆｾｴｯ＠ may be replaced 
by any of the· fo.rmices obtained · ＺｦＮｾ＠ connection with Dome 1, but ｯｰ･ｲｾｴｩｮｧ＠
on the generant [o',o,o; 1,0,0]. 
· by 
For instance, ｆｾｴｯ＠ may be replaced 
1 9+i 10 . • 
Li=O Lj=O ｌｫｾｊＮｴｲ｡ｮｩ､ＨｩＬｪＩＺｶ･ｲｩ､ＨＰＬＰＩ Ｑ Ｚ｛ｯＬｯＬｯ［＠ 1,0,0]. 
DoMES 45 TO 49 (Figs. 7.5.12 to 7.5.20) 
For Domes 45 to 49, ｆｾｴｯ＠ should be replaced by 
9 9-i . ｾ＠ L·=a ｴｲ｡ｮｩ､ＨｩＬｪＩＺｻ｛ｏＬｏＬｏ［ＮｯＬｾＬｏ｝Ｌ｛ｏＬｯＬｯ［＠ 1,0,0], l.i=O J 
[O,l,O; 1,0,0]}. 
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Fig.7.5 •. 11> The parameters a, b and a. 
a 
X 
S number of segments 
e high points 
+ low points 
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ｆｩｧＮｾＵＮＲＮ＠ Dome 40, 3 segments, plan view. 
Fig.7S.3. Dome 40, perspectiye view. 
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Fig.7.5.4. Dome 41, 4 .s.egments, plan view. 
Fig.7.5.5. Dome 41, ·perspective view· • . 
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Fig'.7. 5. 6 o Dome 42, 5 segment.s, plan view. 
Fig:-7.5. 7. Dome 42, perspective viewo 
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Fig J. 5. 8.. Dome 43, 7 .s_egments, plan view .. 
ｾｩｧＮｾＵＮＹ＠ • . Dome 43, perspective view. 
294 
Fig).S.lO. Dome 44, 9 s.egments, plan view. 
Fig.7.5 .11 .. Dome 44, perspective view. 
I2 
10 
? 
4 
1 
1 4. ,· ? 10 
11 
Fig.7.5.12o Domes 45 to 49, basic segment, intrinsic plot. 
ＺｲＺｩｧｾ Ｌ ＷＮＵ＠ .13. ｄｾｭ･＠ 45, 6 segments, plan· view. 
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Fig .7. 5 .14 o Dome 45, p erspec ti ve view. 
Fig.7.5.15. Dome 46, 12 s_egm.ents, plan view. 
________ __:__ _ ____::....___..:....____.: __ __:__ _ _:__ ________ ｾＭＭＭ Ｍﾷ＠ ·--- ... ··- ... 
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Fig ＮＷｾ＠ 5 .16. Dome 46, persp ec·ti ve view. 
Fig.Z5.17. Domes 47 to 49, 8 segments, plan view. 
-------------- ---- .. -· -· ｾ＠ -
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. • 
ＭｾｩｧＮＷＮＵＮＱＸＮＮ＠ Dome 47, perspective view. 
ｾｩｧＮＷＮＵＮＱＹ＠ .. · Dome 48, perspective view. 
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Fig.7.5.20. Dome 49·, 1 perspective view .. 
--------------------------- -----------
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8 CONCLUSIONS 
An algebraic system is, in general, a symbolic construct involving a set 
of abstract objects combined with a number of relations, operations and 
functions. 
An algebraic system may be defined to represent, formulate and. solve 
problems related to a category of physical phenomena. For a problem to 
be representable in an algebraic system, it is necessary that there 
exists ｣ｯｭｰ｡ｴｾ｢ｩｬｩｴｹ＠ between certain intrinsic characteristics of the 
problem and those of the algebraic systemo Not every given problem 
can be formulated in terms of a .given algebraic system, but an algebraic 
system may normally be applied to a wide variety of problems that 
apparently have little similarity. 
Formex algebra is modelled to· represent and process phenomena that are 
expressed or organised in the form of configurations, that is, 
collections of entitieso 
In this work, the concepts of fprmex algebra are examined in detail and 
various ways in which these concepts may be used to represent and process 
structural configurations are exploredo 
The basic strategy consists of taking the interconnection pattern of a 
structural configuration as .a fundamental skeleton of the system and use 
formices in representing this topological frame. Other aspects of 
interest, such as constraints, loads and geometric particulars, are 
treated separately and may be related to the basic topological frame 
as necessary. 
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Given a configuration, the correspondences between the components of the 
system and a formex are specified through the rules and conventions of 
a probasis. It.is worth pointing out the role of graphical represen-
tation and coordinate systems as means to implement the mutual relation-
ship between configurations and fonnices. A given configuration is 
taken to be basically represented by its interconnection pattern. For 
the purpose of representing the interconnection pattern by formices, 
this topological frame is graphically represented with respect to a 
c·oordfnate system in such a way that the graphical arrangement may also 
·be interpreted as a formex plot .. A formex plot is normally the basis 
that specifies the characteristics of formices that are to be used in 
a particular case. · The details of the chosen generants, such as the 
numerical values of the indices in a generant together with its grade 
' 
and plexitude, are specified with respect to the formex plot. Subse-
quently, this plot is used as a reference object to study and set the 
details of alternative formex formulations .. 
A major part of this thesis deals with the description of formex 
functions and their application in confi.guration processing. . Fonnex 
functions are seen to provide a convenient means through which 
required formices may be obtained.. The basic idea is to choose appro-
priate elements or basic sub-assemblies of _elements of a given configu-
ration and represent these entities by cantles or formices of small 
order.. Thens the whole of the ｣ｯｮｦｩｧｵｲ｡ｴｩｾｮ＠ may be described in terms 
of various combinations of functions that ope.rate on the chosen 
gene rants.. In the con·text of computer ｰｲｯｾ･ｳｳｩｮｧ＠ ·of structures, 
generants normally constitute input data and formex functions are 
translated into statements that operate on this data to create the 
required infonnati on. 
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A formex representing the interconnection pattern of a configuration may 
nonmally be formulated in a variety of ways. One of the ｯ｢ｪ･｣ｴｩｶ･ｾ＠ in 
this thesis is to explore this variety of ways and a considerable 
number of examples is developed to illustrate the various approaches 
pointing out advantag_es and disadvantages. It depends on a particular 
application, however, that a type of formulation is chosen in preference 
to any other or that certain conditions are suitable for a particular 
technique of formulation. 
Other major area of interest in the present work concerns the problem 
of relating geometri.c particulars to the formex representation of a 
configuration.. The geometric properties of a structural ｣ｯｮｦｩｧｾｲ｡ Ｎ ｴｩｯｮ＠
play a basic part in specifying the physical properties of the system, 
I 
· in particular, in describing the geometric shape of the configuration. 
When geometric particulars are to be related to the formex representation 
of a configuration,it is necessary to explicitly establish .the trans-
formation of a typical point in the given configuration into the corres-
poinding point in the plot of the interc·onnection pattern of the system. 
The transformation is specified in terms of the relationship between 
two sets of coordinates.. One set corresponds to the coordinates of the 
typical point with respect to a ccordinate system allocated to the given 
configuration.· 
The other set corresponds to the coordinates of the corresponding point 
with respect to the reference system used to plot the interconnection 
pattern of the given configuration. The relationship between the two 
sets of coordinates gives rise to the functions of the set of coordinate 
specifications in a retrobasis. Coordinate specifications together 
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with other conventions are used to relate geometric particulars to a 
formex representing the interconnection pattern of a configuration. 
The series of examples in the Chapter on the association of geometric 
information is developed to demonstrate particular applications. Here, 
a number of plotting conventions and various sets of coordinate speci-
fications are applied to a formex representing an interconnection 
pattern. The examples related to each set of coordinate specifications 
illustrate the mapping between an interconnection pattern and a 
geometric shapeo Graphical representation and coordinate systems 
prove again to be essential means to implement the transformations. 
It is fully demonstrated that configurations having little geometric 
sim·Il ari ty may have the same topo 1 ogi ca 1 properties. 
The Chapter dealing with the formex formulation of braced domes exemp-
lifies the combined application of the concepts and techniques treated 
in the preceding chapters in representing the topological and geometric 
properties of a number of ｴｨ･ｾ･＠ domes. The idea is to ·discuss the 
relationship between different aspects involved in the formex represen-
tation of a configuration. It is shown that conside-rations related to 
the geometry and symmetry of a structural system often influence the 
formulation of formices representing the ｩｾｴ･ｲ｣ｯｮｮ･｣ｴｩｯｮ＠ pattern of the 
configuration. On the other hand, this normally simplifies the 
derivation of the functions used to relate the geometric particulars to 
the formex representation. The interconnection pattern of the system, 
in addition, may still be represented in a variety-of ways and this is 
exemplified in the Chapter. Here, formices are frequently formulated 
through the combination of general type ·formulations describing simple 
interconnection patterns. This shows one of the strong points of 
formex formulation, for if certain parameters are left in a variable 
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form in a formulation, this formulation may be used to represent 
different configurations by assigning appropriate values to the 
variableso This may be of practical value in the context of computer 
processing of configurations. General type formulations describing 
simple interconnection patterns may be turned into 'personal' computer 
functions or subroutines that may be combined to generate more complex 
systems. Also, general type formulations may be optimised in terms of 
computer efficiency and the corresponding computer routines may be used 
to generate 'background' interconnection patterns for further processtng. 
Figo 8.1 summarises the main aspects dealt ·with in this thesis and gives 
a global view of the processes of fonmex representation of configurations. 
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Fig. 8.1 Formex Representation/Processing of a -Configuration 
Having dealt with the material of this thesis, it is perhaps of value 
to make some suggestions for further investigations. 
It should be mentioned that not all the existing concep.ts and applic-
ations of formex algebra have been treated in this thesis. For 
instance, in relation to problems in structural analysis, node 
numbering schemes, fonmex approaches to minimise the band width of 
·stiffness matrices and applications to finite element methods of 
analysis constitute important aspects of the mathematical system and 
deserve special attention. 
It should be mentioned also that much .of the method to develop th_.is . work 
is· exploratory and the understanding of the si gni fi cance of certain 
I . 
｣ｯｮｾ･ｰｴｳ＠ ｲ･ｬｾ･ｳ＠ on the application of the concepts to particular 
examples. Treating particular examples, however, is not always 
sufficient to cover all the applications and implications of a concept, 
but serves to open the door to further developments. For instance, in 
this ｷｯｲｾ＠ ｾｨ･＠ aspect of associating geometric information to a formex 
is given special attention and illustrates practic?l ·aspects of the 
concepts of probasis .and retrobasis. However, geometric ｰ｡ｲｴｩｾｵｬ｡ｲｳ＠
are not the only kind of infonnation. that may be related to formices 
ｲ･ｰｲ･ｳ･ｾｴｩｮｧ＠ a complex conf1guration. The· practical applications of 
these concepts may be extended through an investigation on the organi-
s-ation and association-of particu-lars of any kind to the formex repre-
sentation of a problem. 
ａｬｳｯｾ＠ most of the geometric shapes· treated in this work are obtained in 
terms of simple and well 'defined loci of points and parametric 
equations of these sets of points prove to be of ·special value ｷｾ･ｮ＠
. . . 
-··--·· -- ----- --· 
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relating the expressions to formices. Nothing more is necessary to 
specify the geometry of a considerable number of structural systems. 
It is felt, however, that more complex shapes, such as surfaces that 
can only be described by differential equations may in turn be 
represented by combining the concepts of formex algebra and 
differential geometry. 
· Another interesting problem is given by structures whose geometric 
shape cannot be specified in terms of equations that refer to geometry 
only. The geometric shape of some classes of structural systems, for 
instance, is obtained as a result of a process of interaction between · 
a basic topological skeleton and a number of 'external• conditions, 
such as intensity and orientation of loads, support positions and 
i 
prescribed.member lengths. Examples of this type of structure are 
continuous or ､ｩｳ｣ｲ･ｾｩｳ･､＠ membranes and surfaces, such as pneumatic 
structures, grid shells and prestressed tents and cables nets. There 
exist methods ·of proven efficienty to tackle the problem o! form 
determination in these cases once the data is given. Formex algebra 
could be used to organise, represent and generate the required data. 
Another spect that may give fruitful results· is that of investigating 
and classifying techniques of formex formulation according to different 
criteria. Some points to_ cons.i der are: 
computational efficiency 
convenience for the human formulator 
conciseness of formulation 
geometry and symmetry of configurations 
optimization of structural analysis techniques 
optimization of plotting procedures 
implementation of interactive procedures for form finding and 
modifying data. 
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Also, formex algebra could lead to a fundamental classification of 
configurations according to the topological properties represented 
through ｦｯｲｭｩ｣･ｳｾ＠
Finally, it is felt that the purpose of this thesis is achieved, for 
it has been shown in some detail and depth how formex algebra may be 
used as a tool to represent, formulate and solve problems that are 
· expressed in the form of configurations o 
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